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one who spent undergraduate summer 
the dyehouse. Alas! Many summers have 
passed since batch D&D colors caused 
him anticipatory thirst. Now, what with 
dashpots and helipots, has little time 
during the working day for suds pots. Which 
brings more pertinent question than 
you may first recognize: Did you know 
that Wallerstein has good name beer 
textiles? One Walierstein enzyme pro- 
tects beer against chill haze, and another 
Wallerstein biochemical minimizes the 
effect the brew’s flavor. That cold 
bottle our friend drew from the bucket 
long ago...that cool glass you hope make 
friends with after the reports are done to- 
night...had you suspected they owe 
much Wallerstein? 


Here you were thinking that all make 
Rapidase® and Serizyme®! Why, the en- 
zymes make are everything from 
tanning compounds chocolate milk am- 
plifiers. Not that are suggesting fla- 
vored fiber, mind, but have shelves full 
commercial, development and experi- 
mental enzymes that might put use 
you some untrodden avenue textile 
research. The purity these enzymes 
ranges from grade down. you care 
tell bit about your requirements, 
perhaps could send you one two 
look at. 


WALLERSTEIN COMPANY 
Division Baxter Laboratories, Inc. 
Staten Island N.Y. 


Interested high potency 
cellulase? Write Dept. R-1. 


TEXTILE 
RESEARCH 
JOURNAL 


Editor: 
Richard Toner 


Production Editor: 
Dorothy Dana Hollmann 


Advisory Board 


Herbert Ball 

Earl Berkley 
John Boulton 

Fisher 

Walter Hamburger 
Milton Harris 

Hoffman 
Harold Lundgren 
Herman Mark 
Edward 
George Switlyk 
Helmut Zahn 


Textite Kesearcn Journat, published monthly 
at Prince and Lemon Streets, Lancaster, Pa., 
is devoted to the interest of research in textile 
and allied industries. It is published by Tex- 
tile Research Institute. 


Manuscripts and communications should be sent to 
the Publications Department, P.O. Box 625, 
Princeton, N. J. 


Second-class postage paid Lancaster, Pa. 


Subscription rates: $25.00 per year; additional for 
postage, 50 cents to Canada, $1.00 to all other 
countries. Single copies, $2.50 each. 


Contents copyright © 1961 by Textile Research 
Institute. Advertising rates applied on request. 


January 1961 


Volume Number 


THIS ISSUE 


The Mechanism the Loss Copper from Cotton Fabric Dur- 
ing Actinic Breakdown under Conditions Wetting. 
Part Preliminary Experiments with Copper Carbonate. 

Felting Investigations. Relationship Between 
Fiber Crimp and Rate Felting. Crewther and 

Some Dyes Solubilized Thiolsulfate Milli- 

Static Electrification Filaments: Effect Filament Diam- 

Supercontraction Wool Aqueous LiBr; Inhibition Free 
Br, and its Relation Sulfhydryl-Disulfide Interchange. 


The Relationship Between Cotton Fiber Development and Fiber 


Blending Cottons Differing Fiber Bundle Break Elongation. 
Part Effect the Properties Combed Single Yarns. 
Gain Louis, Louis Fiori, and Jack Sands 

The Absorption Disperse Dye Cellulose Acetate the 
Presence and Absence Butanol. Elizabeth Teulings 

The Situ Polymerization Ethylene Ureas and Ethylene 
Amides Within the Fibers Cotton. Jones, 
Hammon, Leininger, and Heiligmann ........ 


LETTERS THE EDITOR 
The Attainment Defined State Dryness Accurate 


Determinations the Regain Wool Samples. 

Variation Wet Crease Recovery Monsanto and 


Process for the Modification Cotton with Formaldehyde. 
Leon Chance, Rita Perkins, and Wilson 


Shear Properties Relation Fabric Hand. Kilby 
Stabilization Wool Fabric Interfacial Polymerization. 


Non-Lint Content Measurement the Shirley 
Analyzer Procedure. Jacob Shepherd 
Comparison Standards for Assessing Wrinkling Fabrics. 
The Relationship Between Dye Absorption and Cotton Fiber 
Supercontraction and Solubility Alkali Treated Wool. 


The Attachment Active Hydrogen Compounds Cellulose 
with Divinyl Sulfone. Clark Welch and John 
Guthrie 


REPRINT REQUESTS SHOULD DIRECTED THE AUTHORS 
SEE ARTICLES FOR ADDRESSES 


Sage 
R ES 
<2 
> 
7 
ae 
te 


al 


fr 
A 


RESEARCH 
JOURNAL 


The Mechanism the Loss Copper from Cotton 
Fabric During Actinic Breakdown under 
Conditions Wetting 


Part Preliminary Experiments with Copper Carbonate 


National Research Council Canada, Ottawa, Canada 


Abstract 


The factors responsible for the rapid loss most fungicidal compounds from treated 
cotton fabric subjected weathering outdoors include water-solubility the compound, 
actinic breakdown the compound the substrate, reaction between compound and 
substrate, migration compound, and mechanical loss compound. 

Experiments designed study the above factors are described which bleached 
cotton fabric untreated and treated with copper carbonate was subjected the action 
continuous water leaching and intermittent leaching and drying; the loss copper 
and amount chemical deterioration were determined. Intermittent leaching and 
drying both breakdown and loss copper. 

experiments which similar samples were exposed light containing moderate 
amounts radiation the region the presence copper was found 
enhance the deterioration. Loss copper caused water leaching following ex- 
posure, intermittent exposure and leaching, increased with increasing exposure 
light. 

Exposure similar samples light with intermittent dampening with water, with 
without drying prior re-exposure, increased the tendency the copper 
removed subsequent water leaching. There evidence marked migration 
copper these experiments. ‘The loss copper noted these experiments appears 
involve solubilization the copper the oxidation products the cotton cellulose. 


Introduction With respect the action sunlight, these authors 
recent years increasing attention has been given point out that the exact mechanism which the 
the effects outdoor exposure wide variety photochemical degradation cotton takes place 
materials normally subjected such exposure still obscure; they suggest the possibility that the 
during use, and the literature dealing with the effects light, moisture, and oxygen are interrelated. 
weathering cotton has recently been reviewed Chiefly the result the work Egerton, 
comprehensively Howard and McCord [11]. agreed that the photochemical deterioration 
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produced cotton cellulose exposure 
radiation two general types, depending the 
particular spectral region involved. wave lengths 
than 3400 the process largely one photol- 
involving the rupture the chemical bonds 
the cellulose chains. Above this value, the process 
predominantly one photosensitization. Possible 
mechanisms for the photosensitization process have 
been discussed Egerton [9], Bolland and Cooper 
Launer and Wilson [12], and others. The 
details these will not repeated here except 
state that the main feature the process 
presence compound, such dye, involves 
the sensitization the compound with the ultimate 
formation hydrogen peroxide which brings about 
the oxidation the cellulose. 
photosensitizer, 


degradation wave lengths 
greater than 3400 believed Egerton 
due similar mechanism. 

More recently, work Lock [13] has shown that 
possible obtain cleavage the glycosidic 
linkage the case glucosides and disaccharides. 
Possibly similar type cleavage may occur, 
limited extent least, under the conditions lower 
energy (wave lengths greater than 3400 A). 

relating the above information regarding the 
mechanism actinic breakdown cellulose the 
circumstances outdoor weathering with respect 
the type and quantity radiation received, has 
been shown that the approximate range wave 
lengths the region which reach the earth’s 
surface from the sun from 2000 4000 Wave 
lengths below 2000 (the so-called “vacuum UV”) 
are strongly absorbed air, while the amount the 
range 2000 3000 (“far extremely 
small. This leaves the range 3000 4000 
together with such radiation greater wave 
length may contribute the degradation cellu- 
lose, for example through photosensitization mech- 
anism, mentioned above. 

During the course work carried out these 
laboratories fungicidal treatments for protecting 
cellulosic fibers from microbiological attack, has 
been noted that, under conditions outdoor weath- 
ering, most metals, both inorganic and organic 
form, are removed from the fabrics surprisingly 
quickly [1]. This effect has been recognized 
number workers [3] the field textile fungi- 
cides; where minimum amount fungicide re- 
quired for given level protection, the initial 
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concentration chosen usually such provide 
suitable reservoir compound. This rapid loss 
fungicide can slowed down some cases the 
use waxes other binders [1], although the 
presence these not always desirable. 

Loss fungicide most apparent with treatments 
which impart color the treated fabric, the color 
becoming less intense weathering proceeds. Thus, 
for example, treatment with copper naphthenate 
gives the fabric blue-green color which shows 
marked fading, finally disappearing completely from 
the top surface the specimen the case medium 
heavy ducks. similar color change noted 
the case copper carbonate treatment; here, 
since the treatment inorganic and would not 
expected show fading, the possibility reaction 
between the compound and the cellulose substrate 
suggests itself. The similarity the color change 
shown weathering copper naphthenate and 
copper carbonate treated fabrics may relate the 
behavior copper inorganic form, since has 
been shown [2] that copper naphthenate fabric 
readily undergoes hydrolysis. 

Reference may also made the comparatively 
small number treatments which, the other hand, 
are affected only slight extent weathering. 
These are predominantly inorganic, the best-known 
being chromic oxide, which, when applied along 
with inorganic copper treatment, reduces the loss 
copper during weathering [16, 17]. 

However, view the generally unsatisfactory 
permanence weathering most fungicidal treat- 
ments used cellulosic materials, both the- 
oretical and practical interest study the mechanism 
this effect. 

The removal copper compounds weathering 
had been previously discussed Fargher [10], who 
attributed the solubility copper compounds 
dilute solutions weak organic acids and, al- 
though the source these not stated nor any 
evidence their existence cited, presumed that 
the author refers some the acidic products 
cellulose oxidation. The data obtained the present 
work support this view. also claimed 
Fargher that the loss copper slower when the 
copper present the salt organic (e.g. 
the ricinoleate than the case with 
copper inorganic form. 

While continued loss copper from the fabric 
will ultimately leave the fabric unprotected against 
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microbiological attack, the present work has shown 
that also possible have depletion copper 
localized areas due the solubilization the copper 
and its migration within the fabric. 

Considering the various ways which metal 
such copper may removed from treated fabric, 
the possibilities seem follows. 


Solution the Compound Water 


Obviously this will depend the water solu- 
bility the compound and the severity the 
water leaching which the treated textile sub- 
jected. One the most widely-used criteria for 
judging the suitability textile fungicide the 
measurement its loss from treated materials ex- 
posed leaching running water room tempera- 
ture under specified conditions. However, ob- 
vious that the loss fungicides during weathering 
not predominantly water-solubility effect, and this 
may readily shown comparing the results 
laboratory water-leaching treatments with those 
outdoor weathering involving similar amounts 
leaching rain. found that most textile fungi- 
cides stand well the laboratory test, but, 
previously noted, are quickly removed under condi- 
tions outdoor weathering, unless protected 
suitable binder. 


Actinic Breakdown Compound 


This may result products which are more water 
soluble than the original compound. 


Actinic Breakdown Substrate 


That this process occurs with all organic fibers 
well known, and likely that the later stages 
the process would probably involve the formation 
water-soluble compounds. Thus the breakdown 
and loss surface the substrate would result 
loss that portion the fungicide which was situ- 
ated the surface. 


Reaction Between Compound and Substrate 


Loss fungicide this means would involve 
process which the reaction product showed 
greater water solubility than the original fungicide. 
includes the type process referred Farg- 
her [10]. Inorganic copper treatments such the 
carbonate may possibly form water-soluble complexes 
with the breakdown products cellulose, many 
which contain groups (e.g. aldehyde ketone) ca- 


pable complexing copper, carboxyl groups 
capable forming copper salts. Organic treatments 
would unlikely react this way, also metal- 
organics unless, the case copper naphthenate, 
they undergo hydrolysis. 


Migration Compound 


addition the normal migration compounds 
ions caused repeated leaching and drying, there 
will further tendency for these become dis- 
placed through the operation the last three the 
above processes. 


Mechanical Loss 


This would include loss such processes flex- 
ing freezing the fabric and the abrasive action 
dust and other agencies. 


Reference may also made the fact that many 
cellulosic textile fibers, which are the ones most often 
requiring fungicidal treatment, are able retain 
metal ions through mechanism which believed 
relate predominantly the presence noncellulosic 
components containing cation-binding groups, e.g. 
carboxyl, although the additional possibility the 
formation cellulose-cation complexes not ex- 
cluded. This capacity for binding metals varies for 
different fibers, being greatest for certain bast 
leaf fibers used cordage, sisal, and jute, which 
contain considerable amounts noncellulosic mate- 
rials, and least for such fibers cotton which 
the amounts these materials are less. will 
obvious that this effect can importance in- 
creasing the tenacity with which the metal held 
the substrate during weathering. Repeated wet- 
ting and drying, addition its effect promoting 
the fifth condition above, may cause enhanced 
tendering cellulose through what has come 
referred the “brown line” effect, first investi- 
gated Bone [6], Bone and Turner [7], Madras 
and Turner and later Bogaty al. [4] and 
Schaffer al. [18]. This effect, believed 
due the oxidation the cellulose the oxygen 
the air, causes fairly rapid breakdown inter- 
faces cellulosic materials which evaporation 
water taking place. Where the entire piece 
cellulosic material, e.g. piece cotton fabric, 
undergoes wetting and drying and there are well- 
defined interfaces between the wet and dry areas, 
the extent which the effect operates does not seem 


have been studied, but possible that, under 
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these conditions, there may still some deteriora- 
tion, although its amount may less than where 
well-defined interface present. 

the enumeration the possible causes loss 
inorganic fungicides from treated textiles refer- 
ence may finally made the effect atmospheric 
contaminants which, acidic, can remove most 
metals having oxides which are soluble dilute 
mineral acids or, alkaline, can the presence 
rain lead the removal such metals copper. 
The atmospheric contaminants responsible for these 
losses relate almost exclusively industrial areas 
and there little point discussing them here, 
since their mode action obvious. 

The work reported the present paper initial 
data obtained program designed study more 
fully the mechanism the loss, from cotton fabrics 
containing them, textile fungicides exposed 
conditions approximating those outdoor weather- 
ing clean air and the nature the breakdown 
products the cellulose. Data are given for the 
loss copper carbonate from bleached cotton duck 
series laboratory exposures designed ap- 
proximate conditions outdoor weathering. 


Experimental 
Materials and Methods 


Since the wave lengths the ultraviolet region 
the solar spectrum (below 3400 are the ones 
known contribute most the breakdown cellu- 
lose weathering, use has been made 


Weather-Ometer (W), operated without the water 
spray. The spectral distribution the radiation 


emitted this machine known differ from 
that sunlight, being richer radiation the near 
and lesser extent the far 
The carbon are which the uses enclosed within 
substantially gas-tight glass globe and thus operates 
atmosphere having preponderance nitrogen, 
this being responsible for the very considerable 
amount cyanogen band radiation generated 
the lamp. Null, and Bowditch [14] have 
published data comparing the energies, various 
wave lengths, received from enclosed arc and 
“natural radiation.” This latter taken 
corresponding the noontime radiant intensity 
summer’s day with the sun overhead, correction 
being made for the significant amount skylight in- 
cluded the radiation. 
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The data show that the range 
the are shows substantially greater intensity 
radiation than does the natural radiation, being 
also noted that the considerable amount heat de- 
veloped the may still further 
disparity the effects materials the two types 
radiation. the other hand, pointed out 
the above-mentioned authors, the spectral character- 
istics natural radiation change widely with loca- 
tion, season, and time day. Moreover, the tem- 
peratures reached under summer conditions textile 
materials exposed outdoors frequently approach the 
60° ambient temperature the For these 
reasons and view the exploratory nature 
the work reported the present paper, has been 
considered that the use the provide set 
reproducible conditions roughly approximating 
those outdoor weathering the 

measurements were made the intensity 
radiation received the samples, since this was 
considered unnecessary the present work. 
Throughout the work the machine was used without 
the usual water spray cycle the samples, although 
water spray was used the drum order 
reduce low point possible the ambient 
temperature within the machine. 

seemed reasonable assume that under operat- 
ing conditions should possible reproduce 
closely, successive experiments, the actinic break- 
down cotton cellulose. The operating conditions 
chiefly concerned are the voltage and current em- 
ployed, type electrodes used, air-tightness the 
lamp globe, and distance the samples 
lamp. was possible control the voltage 
130 volts and the current amps. 
The ambient temperature the air inside the drum, 
with the machine (including fan) running, was 
The electrodes used were Atlas #70 solid and Atlas 
#20 cored, pair one kind the bottom and 
single the opposite kind the top. The distance 
the samples from the lamps could controlled 
in. 

The above data suggested that the samples would 
subjected fairly uniform type radiation, 
but before proceeded with the main part the 
work these features the machine were checked 
exposing specimens fully bleached cotton nain- 
sook for varying periods time the same location 
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the machine and measuring the increase the 
cuprammonium fluidity (AF) which they showed. 
The data, given Table and Figure show that 
the reproducibility the method satisfactory. 
will noted that the relation shown Figure 
this undoubtedly due the fact that the 
fabric used was sufficiently thin permit the attack 
proceed through substantially uniform rate 
over the time periods employed. the other hand, 
has been found that with thicker fabrics, especially 
those containing appreciable amounts noncellu- 
losic materials, e.g. unbleached cotton duck, 
the rate degradation, measured AF, de- 
creases with time, presumably due the shielding 
effect the surface breakdown products. 

order obtain reproducible exposure condi- 
tions was essential that the positioning the 
specimens the closely possible identical 
the various great care was taken 
ensure this. the the lamps are set 
different heights within the specimen drum which 
revolves around them. The distribution illumina- 
tion specimen mounted vertically the ma- 
chine can determined mapping the extent 
deterioration 
throughout the length the specimen. this 
specimen fabric in. wide, marked 
zontal bands in. wide, was stitched two fabric 


areas 


runners and mounted the machine shown 
Figure The center the fabric with the rows 
horizontal bands equally situated above and below 
was set line drawn horizontally through the 
center the arc the lower lamp the beginning 
trim the lamps. The specimen was exposed 
for days and the fluidity the cotton the 


TABLE Pattern Breakdown Occurring Specimens 


Exposed Weather-Ometer 
Date and time exposure, days Fluidity, rhes 


March 1957 7.5 


March 1957 8.0 
March 1957 11.5 
March 1957 20.5 
March 1957 23.9 
7.6 
19.8 
7.6 
8.5 
1958 12.4 
July 1958 19.4 
Oct. 1958 7.6 
Dec. 1958 
7.6 


various bands determined. The data, expressed 
AF, are shown Table II, from which will 
seen that bands inclusive showed fairly uni- 
form level ranging from 17.8 16.8; this 
portion the specimen, comprising vertical length 
in., therefore was taken for use the measure- 
ment fluidity and loss copper the various 
experiments described below. 

Figure shows the relevant details 
assembly. 

Fabric. This fully-bleached army duck having 
yd. Data the extent and rate deterioration 
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TABLE Extent Chemical Breakdown Various 
Areas Specimen 


Section of AF, rhes 
fabric (see 
Fig. Replicates Average 
16.2, 16.2 16.2 
17.8, 17.8 17.8 
17.8, 17.6 17.7 
4 16.8, 16.8 16.8 
17.0, 16.6, 16.9 16.8 
15.8, 15.8, 16.2 15.9 
14.9, 14.4, 14.8 14.7 


this fabric when exposed outdoor weathering for 
periods and months Ottawa during the 
summer had previously been obtained and were used 
choosing the conditions exposure the pres- 
ent work. 

Treatment. The fabric was given copper car- 
bonate treatment follows: four in. strips 
with the smaller dimensions the warp direction 
were wetted out 0.05% Aerosol solution, well 
rinsed, and excess moisture removed placing them 
between blotting paper and passing them through 
the squeeze rolls laboratory mangle. The fabric 
was then immersed room temperature solution 
copper sulfate pentahydrate containing 
passed through the squeeze rolls, returned the 
treating solution, the process being repeated times 
get thorough penetration the solution into the 
fabric. The fabric was then similarly impregnated, 
without drying, solution anhydrous sodium 
carbonate containing then rinsed running 
tap water for hr. room temperature and dried 
room temperature. The unformity the treatment, 
judged visually, seemed satisfactory; this 
was confirmed the results chemical analysis. 

Test specimens. Six warpwise sections each 
in. wide were marked off across three the four 
in. strips and line drawn each specimen 
in. the left the right-hand warpwise mark. 
The sections were then cut out and the strip 
along the edge each one cut off. The yarns 
the latter were raveled out, cut into short lengths, 
and well mixed. This procedure gave three speci- 
mens mixed yarn (one for each in. strip) 
for analysis for original copper content and speci- 
mens from each strip) for the exposure tests. 
These specimens were lettered and randomized 
lettering corks similarly, mixing these well, drawing 
them one time and piling the specimens the 
order which the corks were drawn. 
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Any variation from the above practice with re- 
spect test specimens given detail 
relevant sections below. 

Determination copper content. Copper was 
determined colorimetrically described previously 
The contents found for each the three strips 
were 0.515, 0.543, and 0.524%, average 0.527 
0.024%. 

The estimate losses copper occurring during 
the experiments was based the upper and lower 
values the initial copper content and smooth curves 
for copper loss vs. time were drawn between the 
limits thus obtained for each experimental point. 
most cases the values for copper loss read from 
the curves approximate fairly closely the median 
point. 

Cuprammonium measurements. These 
were carried out the usual method [8] warp 
yarns taken from the 4-in. portions the exposed 
specimens which the intensity radiation was 
substantially constant. 

The in. specimens obtained above 
were sewn fabric runners which were clamped 
rigid metal straps bent concentric with 
the drum the machine and attached the inside 
the drum near its upper and lower edges and 
distance in. from the drum. 

Leaching. Distilled water from the laboratory 
supply was passed manifold consisting 
2000-ml. round-bottom flask having symmetrically- 
placed glass outlet tubes sealed around its greatest 
circumference. Provision was made for maintain- 
ing constant head water inside the manifold. 
The water was carried from the manifold 
rubber tubing carrying pinchcock Erlen- 
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meyer flasks containing the specimens leached. 
The flow water the flasks was regulated give 
changes water hour, the ratio water 
fabric being never less than 60:1. all experi- 
ments involving treated samples untreated con- 
trol was leached the same time, separate con- 
tainer, order expose similar conditions. 
Since there was possibility pick-up the fabric 
traces copper from the distilled water used, 
analysis for was carried out the untreated 
samples the end the maximum leaching period 
used each series experiments. The amount 
copper found was the order 0.0025%, which 
was considered negligible. 

Spraying specimens. The specimens were ex- 
tended rigidly horizontal position means 
clamps attached their ends and the water applied 
the form fine spray from atomizer. Care 
was taken avoid dampening the 
ficiently close the fabric runners permit spread 
liquid into the the series experiments 
which the migration the dissolved copper was 
studied, the free water which accumulated the 
surface the specimen during spraying (owing 
the somewhat nature the fabric sur- 
face) was spread evenly over the desired area with 
the edge glass microscope slide, the slide being 
later wiped with small piece filter paper, wetted 
with water, and again wiped, any copper thus col- 
lected the filter paper being subsequently de- 
termined, 

Drying specimens. This was carried out room 
temperature for period time sufficient cause 


Plan the Experiments 
Experiments Involving Leaching Only 


Series. study the effect continuous leach- 
ing with respect loss copper and chemical dam- 
age. Specimens were leached for hr. with por- 
tions removed the end and hr. for 
copper analysis and fluidity determination. 

Series. study the effect intermittent leach- 
ing and drying. Specimens were leached for hr. 
and dried, the process being repeated total 
leaching time hr. and total drying 
periods. 

leaching time hr. and total drying 
periods. 


Experiments Involving Exposure Weather- 
Ometer 


Series. study the effect exposure the 
with respect rate degradation and loss 
copper subsequent continuous leaching. 
mens were exposed for from days. Portions 
the specimens which had been exposed for and 
days were then subjected continuous leaching 
for 24, 48, and hr. 

Series. study the effect exposure the 
alternating with dampening and drying, rate 
degradation and loss copper caused sub- 
sequent continuous leaching. The periods ex- 
posure the were similar those the series 
except that after every hr. the specimens were 
removed, sprayed, dried, and the exposure resumed. 

specimens after the sprayings before resuming the 
exposures the 

Series. study the effect loss copper 
and rate degradation exposure the with 
intermittent leaching and drying. The specimens 
were exposed for hr., leached for hr., dried, 
and the process repeated, the total exposure and 
leaching times for the series being days and hr. 

exposure periods the same duration and larger 
number leaching periods shorter duration. The 
specimens were exposed for hr., leached for 
hr., and dried, the total exposure and leaching times 
being days and hr. 

Series. study the migration copper 
result exposure the with intermediate 
dampening and drying. Four specimens were ex- 
posed the for periods and days, two 
specimens being exposed for the last-mentioned pe- 
riod, the specimens being dampened described 
above after each 24-hr. exposure and dried. The 
copper contents various areas the specimens 
were determined (see Figure 


Data and Discussion 
The data are given Table III. 
Experiments Involving Leaching With 
Drying Only—A, and Series 
The data from the experiments involving leaching 
alone show that for untreated fabric alternate wet- 
ting and drying causes slight though definite 
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rhes after leaching and drying 
cycles. The duration the leaching period, whether 
hr., apparently has little effect. 
specimen leached continuously, with only final 


proximately 
Since 


drying, shows markedly lower than one leached 
for the same number hours but dried repeatedly, 
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seems that the repetition the two processes 
that the cause the slight damage noted. These 
experiments not show that the wetting and drying 
the total area the fabric causes serious damage 
that such damage caused progressive. 

the case the treated specimens (Figure 


TABLE III. Data for Loss Copper and Chemical Damage for Various Conditions Exposure, Wetting, and Drying 


AF, rhes 


Copper Copper loss Copper 
Sample taken content, range, loss 
Series Exposure cycle end of: Control 
None—Control 
hr. 0.470 7-15 
hr. 0.413 18-25 0.8 
Leach hr., dry, and repeat cycles 0.445 12-19 2.1 
cycles 0.368 27-33 0.4 2.7 
cycles 0.271 46-51 4.8 2.8 
Leach hr., dry, and repeat cycles 0.431 14-22 2.5 
cycles 0.387 23-30 2.6 
cycles 0.332 34-40 3.6 
cycles 0.231 54-58 4.1 3.0 
D-1 continuously days days 5.7 4.5 
days 6.5 
days 10.4 8.3 
days 16.9 11.3 
days 
days 20.2 14.6. 
D-1 for days, then con- hr. leach 0.415 18-25 10.5 
tinuous leach hr. hr. leach 0.391 22-29 10.1 8.1 
hr. leach 0.291 42-47 11.3 7.5 
D-3 D-1 for days, then con- hr. leach 0.382 24-31 
tinuous leach hr. hr. leach 0.198 61-64 
hr. leach 0.187 63-66 20.7 14.8 
E-1 for hr., spray, dry, and days 8.4 3.6 
repeat total exposure days 12.4 5.5 
days days 16.7 7.6 
days 20.1 8.4 
days 25.0 9.8 
days 26.6 10.4 
days 28.4 
E-2 E-1 for days, then con- hr. leach 0.332 34-40 17.2 
tinuous leach hr. hr. leach 0.281 44-49 16.5 
hr. leach 0.254 16.5 
E-3 E-1 for days, then con- hr. leach 0.158 69-71 25.6 
tinuous leach hr. 
E-4 E-1 for days, then con- hr. leach 0.271 46-51 
tinuous leach hr. hr. leach 0.186 63-66 
hr. leach 70-72 29.7 


. 
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there great difference between the rates and quently noted jungle exposures. because 
extent loss copper noted the experiments lack sunlight, there little, any, actinic 
involving intermittent drying (Series and C); the cellulose; but considerable loss 
these losses are, however, appreciably greater than copper could take place due the intermittent wet- 
with the specimens subjected continuous leaching which the fabric subjected. 

only (Series A). 

The increased loss copper intermittent leach- 
ing and drying probably largely due migration 
the metal ions. view the slight amount series. will seen (Table D-1) that, 
chemical breakdown the cellulose shown continuous exposure the the presence 
the fluidity data, would expected that there copper enhances the chemical breakdown the fab- 
would little possibility reaction between The loss copper continuous leaching, fol- 
copper and degradation products the cellulose. lowing exposure the increased the degrada- 

practical use, migration probably accounts for proceeded (see D-2 and D-3). 

the copper losses shown the treated fabric 


Ometer 


the relatively high loss copper from fabrics fre- 


TABLE (Continued) 


AF, rhes 
Copper Copper loss Copper 
Sample taken content, range, loss 
Series Exposure cycle end of: curve, Control 

F-1 E-1 but re-expose wet days 6.4 4.3 
after spray, total ex- days 8.9 5.1 
posure days days 13.3 6.6 
days 17.9 7.9 
days 22.1 8.6 
days 25.0 9.4 

days 


F-1 for days, then leach hr. leach 0.367 
hr. leach 0.235 13.6 6.3 


hr. leach 0.180 64-67 23.5 


F-1 for days, then leach 
hr. 


F-1 for days, then leach leach 68-71 


hr. 


F-1 for days, then leach hr. leach 0.211 58-62 
hr. hr. leach 0.204 60-64 
hr. leach 0.183 64-67 27.5 11.3 


for hr., leach hr., dry, 


and repeat total exposure 


days hr. leach 0.440 8.6 3.8 
days hr. leach 0.318 14.2 6.2 
days hr. leach 0.186 63--66 18.7 9.5 


for hr., leach hr., 
dry, and repeat total ex- 
posure 


days hr. leach 0.432 7.7 
days hr. leach 0.353 30-36 13.0 
days hr. leach 0.280 44-50 18.9 8.3 
days hr. leach 0.168 67-70 21.9 10.5 
days hr. leach 0.093 81-83 23.6 12.7 


= 
{ 
Av 
| 
F-2 
1 
= 


are plotted against time leaching for the D-2, 
and D-3 series (see Figure 5), will seen that 


the end each leaching period the amount 


copper removed from the exposed samples always 
greater than from the unexposed, this increase 
amount becoming greater the duration the 
leaching periods increases. This indicates that the 
additional copper removed from the exposed samples 
leaching readily soluble form. will also 
noted (Table that the values obtained 
after the two periods exposure followed leach- 
ing are approximately the same those obtained 
after continuous exposure for the two periods with- 
out leaching series). any breakdown 
products removable water leaching could only 
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compared. 
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SERIES D-2 


LOSS COPPER (%) 


TIME LEACHING (HOURS) 


series D-2, and D-3 


Rate loss copper 
compared. 
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relatively low molecular weight, the data show that 
the amount such products produced irradiation 
was small, being insufficient affect materially the 
fluidity values. 

The and series (Figure 6). 
which the specimens were exposed the 
with intermittent dampening, the degree degrada- 
tion the treated samples was markedly greater 
than the series. Since the values for the 
untreated controls both series are somewhat lower 
than the series, the effect the copper the 
more pronounced. 


these series 


The the treated samples these exposures 
involving intermittent wetting and drying 
doubtedly due the same factor which operates 
the intermittent leaching experiments without 
exposure (series and B). The reason for the 
somewhat lower values the untreated controls 
series and than series not clear. 

series the values the specimens 
which had been leached after progressively increas- 
ing periods exposure the are very similar 
those the corresponding specimens which had 
not been leached. The losses copper leaching 
the specimens which had been exposed the for 
increasing periods are very similar the two series 
(see Table which gives the collected data). 

leaching period the same duration, the loss 
copper dependent the fluidity the sample. 


SERIES E-1 AND F-le@ 
TREATED, DAMPENED 


NOT DAMPENED 
NOT DAMPENED 
UNTREATED, DAMPENED 
TIME OF EXPOSURE (DAYS) 
Fig. Effect exposure, with and without intermittent 
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LOSS COPPER (%) 


+ 
A “ 


(RHES) 
Relation between loss copper and increase 


Fig. 


This relation between the loss copper and the ex- 
tent chemical degradation measured for 
the samples leached for hr. shown Figure 

series. The specimens this series were sub- 
and drying before re-exposure. This series differs 
from the E-2 series that the leaching takes place 
alternately with the exposure instead the end. 
similar that the total time leaching the 
same and the samples are dried before 
exposure. The loss copper and the found after 
hr. cumulative leaching were both somewhat 
higher the series. This greater loss copper 
probably due part the leaching and drying 
portion the exposure cycle, the residual copper 
after each drying becoming more readily available 
This 
was seen also the intermittent leaching experi- 
ments without exposure (series and C). 

creased, the duration each leaching period being 
correspondingly reduced. 


for removal during the succeeding leaching. 


The results are, the 
whole, similar those obtained series 
Considering the loss copper 
various series involving exposure the 
followed leaching (see Table will 
seen that, for given time exposure 
days) the losses copper are not too different for 
the longest period leaching, hr. This 
indicates that the degradation products produced 
exposure have the power solubilize relatively large 
amounts copper which are then removed sub- 


TABLE IV. Comparison Rate Loss Copper 
Series and Experiments 


Loss copper 
subsequent 
leaching for 
hr., 


Period 
exposure 
days 


18 68 


TABLE Comparison Rate Loss Copper 
Series D-H Experiments 


Exposure period, days 


Time leaching, hr. 


Copper, 


jected sufficiently prolonged leaching. Moreover, 
would seem that relatively small amount 
degradation sufficient bring about this solubil- 
ization. 

examination the fluidity data for series 
and after exposure periods the same duration 
indicates that the longer the time drying, the 
This effect 
was not very marked the untreated samples, but 
For ex- 


higher was the fluidity the samples. 


showed the copper-treated samples. 
ample, samples which leaching and drying alter- 
nated with exposure the the fluidity was 
higher than samples which the wetting was 
Also, the 
fluidity sample sprayed and dried room tem- 


done through the medium spraying. 


perature was higher than that corresponding 
order 
determine whether the rate drying affected the 


sample sprayed and dried the 


fluidity the following experiment was carried out: 
treated and untreated specimens were exposed 
hr. the followed hr. leaching and drying 
constant weight two different rates, this cycle 


being repeated times. The drying was carried 


Series 
OS 
: 


Following Weather-Ometer Exposure 


rhes 


Fast-drying untreated marginal—15.2 
Fast-drying untreated inside 14.8 
treated marginal—27.2 
Fast-drying treated 
Slow-drying untreated marginal—15.0 
Slow-drying untreated linside 14.8 


inside 29.6 


Slow-drying treated 
Slow-drying treated 


TABLE VII. Variation Copper Content Specimens Due 
Dampening and Drying During Exposure (Series 


Copper section number 


Sample shown Figure Total 


days 0.549 0.548 0.536 
days 0.501 0.533 0.503 0.546 0.524 
days 0.508 0.524 0.545 0.547 


Copper strip before exposure 0.527 0.024%. 


out the constant temperature and relative humidity 
room. Under the conditions used, there was ratio 
approximately the relative rates drying. 
The specimens used were similar those described 
under Specimens” above, but order still 
further minimize the range degradation over the 
4-in. length specimen used for the fluidity test, this 
length was reduced in. was considered that 
the margins the specimens may dry more quickly 
than the inside areas; hence fluidities were carried 
owt both areas for both speeds drying. The 
data are given Table VI, from which will 
seen that with the untreated samples the rate 
drying does not appear affect the final fluidity 
15.2 vs. 15.0 and 14.8 vs. 14.8) while 
the copper-treated specimens slow drying seems 
result somewhat higher fluidity (30.3 vs. 27.2 
and 29.6 vs. 26.6). Regarding the marginal and 
inside areas, there probably significant differ- 
ence between their fluidity, although for both fast- 
and slow-drying samples, treated untreated, the 
fluidity the marginal areas was always slightly 
higher. This may serve explain the gradation 
the fluidity values the and series for 
the same time exposure. 

series. some the early experiments the 
series involving the dampening the samples 
spraying with water, with subsequent analysis 
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fixed portion the sample for copper, was found 
that there was decrease the amount copper 
the exposure proceeded. Since there was way 
which copper could lost from the sample 
whole, this result could explained only as- 
suming that migration the copper within the 
sample was occurring; matter interest, 
study was made this. 

Four in. strips the treated fabric marked 
out into areas shown Figure were exposed 
the for periods and days, two samples 
being exposed for the last-named period, the speci- 
mens being sprayed with water the end each 
24-hr. exposure period, dried, and re-exposed. 
the end the required exposure period the areas 
numbered 1-5 were analyzed for copper. The data 
given Table VII show that there definite evi- 
dence migration copper the margins the 
pieces, which explains the seeming loss copper 
noted the earlier experiments. 

view the demonstrated migration copper 
the experiments involving wetting, the question 
arises whether the amount chemical damage 
dependent the concentration copper the 
fabric and, is, whether the likely range copper 
concentrations due migration such affect 
significantly the fluidity data for given specimen. 
has been found the result other work, 


Fig. Layout sample for study migration copper. 
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published shortly, that the value becomes 
substantially constant concentration 0.28% 
copper since this well below any the concentra- 
tions shown occur through migration copper, 
the fluidity data can accepted given. 


The data obtained the experiments with treated 
fabric described above suggest that copper may 
lost through the various processes listed above with 
the exception actinic breakdown the 
compound, and No. mechanical loss. The ef- 
fect alternate wetting and drying, No. has been 
discussed and, while having definite bearing 
the loss copper, believed less importance 
than No. loss breakdown substrate with 
consequent loss surface and its accompanying 
compound, and No. reaction between compound 
and substrate resulting the formation water- 
soluble complexes. 

That copper become solubilized this way 
during exposure can shown degrading 
specimen treated fabric the leaching with 
small amount water, and filtering through 
sintered glass filter. The filtrate will found 
contain appreciable amounts copper and evapo- 
ration give small residue which, with continued 
heating, undergoes charring and evolution organic 
pyrolysis products, leaving residue black cupric 
oxide. Likewise, piece similarly exposed but 
untreated fabric, shaking with small amount 
suspension copper carbonate water and filter- 
ing, gives filtrate having the properties described 
above. 
course, the absence degradation the fabric. 

The high rate loss copper, previously referred 
to, therefore attributable predominantly actinic 
breakdown the substrate (factor 3), reaction be- 
tween the copper and the cellulose (factor 4), and 
migration the copper (factor 5). All these 
would expected operate under outdoor 
tions other than those encountered 
desert locations. 


Cellulose Breakdown Products 


Although the literature the actinic breakdown 
cellulose fairly large, comparatively little this 
work has included the characterization the prod- 
ucts the reaction. well known that the 
changes which occur result the gradual reduction 


Neither the above reactions takes place, 


the length the molecular chains resulting from 


the scission the and bonds 
| 


and that during this process aldehydes, ketones, and 
probably acids are produced the oxidation the 
alcoholic groups the cellulose. This process un- 
doubtedly involves the formation series break- 
down products decreasing complexity, but may 
expected that there will produced compounds 
known structure which could isolated, for ex- 
ample, chromatography, and further examined. 
planned undertake this phase the work 
shortly. 
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Felting Investigations 


Part II: Relationship Between Wool Fiber Crimp 
and Rate Felting 


Division Protein Chemistry, Wool Research Laboratories, 343 Royal Parade, Parkville, 
(Melbourne), Victoria, Australia 


Abstract 


Observations changes crimp wool fibers during supercontraction aqueous 
solutions have led means modifying the crimp fibers from single fleece. 
Felting studies such modified fibers have shown that straightening the wool 
facilitates felting whereas the imposition tight coils the fibers retards felting. 


Introduction 


Evidence for inverse relationship between the 
crimp wool fibers and the ease with which they 
will felt has been presented number workers. 
Veldsman [8] comparing the felting properties 
several wool samples having given fiber diameter 
found those with the lowest number crimps per 
inch tended felt more readily. Similarly, Fraser 
and Pressley [3] showed that, whereas rabbit fur 
and other fur fibers felted much more rapidly and 
more uniformly than Merino wool, wool from 
mutant Merino, which the fibers were almost com- 
pletely without crimp, felted even more readily than 
rabbit fur. Fraser and Pressley 
crimp retards felting and suggested the possible use 
mutant Merino wool diluent the manufac- 
ture fur felts should continued shortage rabbit 
fur warrant widespread introduction blends. 

The chief difficulty with experiments this type 
lies the possibility that some other property the 
fibers, such the scale structure, may responsible 
for the difference felting properties different 
samples wool and lead false conclusions re- 
garding the effects crimp. Observations made 
during study the supercontraction wool fibers 
various aqueous solutions suggested 


means testing the effects crimp using wool from 
single fleece. was observed that when wool 
immersed hot solutions salts such LiBr 
[2] aqueous phenol [1] concentrations 
sufficient give slow supercontraction, the fibers 
first straighten and then, with continued treatment, 
they form tight coils before straightening again 
the equilibrium level contraction approached. 
These results have been explained terms the 
greater thermal lability the ortho compared 
with the para segment the cortex. the ortho- 
cortex shortens the crimp the fiber removed 
when the two segments become exactly the same 
length; with further shortening the orthocortex 
the fiber assumes tightly coiled form. When the 
paracortex also contracts, the two segments again 
become equal length and the fiber straightens once 
more. Freney [4] has reported similar observations. 
seemed possible that, some means pre- 
venting reversal the supercontraction the ortho- 
cortex during washing could found, investiga- 
tion the felting properties wool samples which 
had been straightened coiled different amounts 
would informative. This method artificially 
modifying the crimp wool samples was particularly 
attractive, since the wool first straightened and then 
became tightly coiled result single process 
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—the contraction the orthocortex. crimp re- 
tarded felting, would therefore expected that 
the felting rates samples fibers treated for in- 
creasing periods would increase and then decrease 
parallel with the change crimp. The assumption 
made that artificially induced coils affect felting rates 
the same way crimp. Other physical proper- 
ties would unlikely change similar manner 
during contraction the orthocortex. 

well offering check the effect crimp 
felting rates, the: work may suggest means for 
increasing decreasing rates felting the pro- 
duction felts finishing processes. 


Materials and Methods 


All wool samples were de-tipped, cut 
length approximately 1.5 in., cold solvent scoured, 
washed thoroughly with distilled water, 
dried room temperature. Unless otherwise stated, 
the loose wool used these experiments was Merino 
wool top and wool fabric were Merino 
Phenol was B.P. standard and 
formaldehyde was B.D.H. Analytical Reagent. 

Modification the crimp the wool samples was 
achieved boiling aqueous solutions various 
reagents buffered with 0.1 sodium borate. 
order prevent limit reversal contraction 
the orthocortex during washing remove the re- 
agent, sufficient formaldehyde give (wt./ 
vol.) solution was added the boiling reagent im- 
mediately before immersing the wool. 
wool ratio 100:1 was used. The wool sample 
was agitated gently the solution for the required 
time, then quickly rinsed with distilled water and 
allowed stand fresh distilled water for hr. 
before air drying. 

The procedure for comparing felting rates, using 
the same method and experimental milling machine 
described Fraser and Pressley 
follows. The sample tested g.) was 
hand-teased onto 16-mesh brass wire sieve (10 
cm.) and consolidated spraying with water 
about 80° for sec. The area the fiber mat 
thus obtained was measured. mat 
rolled piece wet cotton cloth and milled 
under constant load, the felt being removed and its 
area measured frequent tracing the 
outline paper and measuring the area with 
planimeter. After each measurement the direction 
milling was changed 90°, 


Experimental and Results 


The supercontraction wool fibers solutions 
LiBr has been shown occur two stages, the 
first which almost completely reversible when 
the LiBr washed from the fiber tight 
coils which appear when the. fiber partially super- 


Fig. Silhouettes Merino wool. Top 
bottom: untreated, after boiling sol- 
ution for min., after boiling solu- 
tion for min. 


all 


contracted disappear during this reversion and the 
original crimp the fiber reappears. The addition 
formaldehyde the solutions used for contracting 
the fibers was found retard the supercontraction 
and stop greatly retard the reversion during 
washing. 
many which proved unsatisfactory. Boiling solu- 
tions Lil LiBr straightened fibers, but these 
chemicals are expensive and high concentrations were 
required. the the solution was raised the 
salt concentrations could lowered, but the samples 
yellowed badly and became brittle. Solutions 
CaCl, caused similar yellowing and 
ing solutions NaHSO, appeared satisfactory 
with single fibers, but was difficult obtain uni- 
form straightening with bulk samples. Dilute solu- 
tions NaOH and low concentrations bromine 
dilute damaged the fibers extensively, even 
low temperatures, and were therefore value. 
The most satisfactory method straightening was 
treatment for min. boiling solutions containing 
15% (wt./vol.) phenol and 
maldehyde. Due differences the amount 
crimp and the reaction rates for different fibers 
not possible remove entirely the crimp from 
all fibers bulk sample, but marked reduction 
the amount crimp obvious (Figure 1). Figure 
shows the differences felting rates treated and 
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Fig. Comparison rates felting untreated 64’s 
Merino wool and similar wool after boiling for min. 
15% phenol-2% formaldehyde solution. The curve for 
mutant Merino wool included. Untreated (mean six 
tests), (mean four tests), Merino 
(mean two tests), 
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untreated fibers. For comparison, the corresponding 
curve for mutant Merino wool (no crimp) in- 
cluded. 

treatment samples wool boiling solu- 
tions 15% phenol-2% formaldehyde for various 
time intervals, series samples was obtained 
which the fibers first straightened, then became 
more and more tightly coiled the time treatment 
increased. Figure shows the felting curves for 
such series wool samples using times treat- 
ment min. From these curves possible 
derive curves for the change area the felt 
for given time milling function the time 
treatment the phenol solutions (Figure 4). 
For constant time milling, the area, expressed 
percentage that for untreated wool, first de- 
creases with increasing time treatment phenol, 
then, having reached minimum, steadily increases 
until exceeds that for the untreated sample. 


Discussion 


Figure shows that treatment highly crimped 
Merino wool with 
solution for min. removes most the crimp from 
the fibers and Figure shows that this corresponds 
with greatly increased felting rate under the con- 
ditions our experiments. most experiments the 
area the fiber mat increased immediately after tip- 
ping from the forming sieve, presumably due 
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Fig. Comparison felting rates Merino 
wool samples treated for varying periods time 
formaldehyde solution. Untreated, treated for 
mn, 
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TREATMENT (MIN 
Fig. Derived curves relating change area and 
time treatment phenol solution for various periods 


milling. Milled for min., milled for min., milled 
for min. 


flattening the mat, and this was more pronounced 
with the crimped fibers. This itself probably 
reflection the increased ease felting the 
fibers are straightened, felting having commenced 
during the period jetting with water the sieve. 

Veldsman [8] has reported poor correlation be- 
tween compressibility and felting wool but ob- 
served that wools which called “soft” “flabby” 
usually felted readily irrespective crimp di- 
ameter. The treatment phenol, although short 
duration, could conceivably soften the fibers make 
them more compressible. However, the effect 
phenol treatment was evident the very early stages 
felting when compressibility would have least im- 
portance. Furthermore, might expected that 
any over-all chemical surface changes affecting 
the felting properties would occur also with mutant 
Merino wool treated similar manner. Mutant 
Merino wool shows bilateral structure [6] and, 
terms the explanation proposed for curling prior 
shortening, would not expected curl. Such 
was fact observed; Figure shows that treatment 
mutant Merino fibers 
solution, with resultant change crimp, did not 
change the felting rates. 

Figures and support further the conclusion 
that changes felting rates due treatment with 
phenol solutions are the result changes crimping 
the fibers. The processes straightening the 
fibers followed coiling correspond with initial 
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Fig. 
tion the felting rate mutant Merino wool. 
treated, for min., treated for min. 


Effect treatment phenol-formaldehye solu- 
Un- 


acceleration felting followed retardation. 
seems improbable that softening the fiber 
changes surface structure could account for the 
initial acceleration felting and for the subsequent 
retardation the treatment with phenol was 
continued. 

Whewell and Woods observed that fabric 
which had been immersed concentrated cupram- 
monium hydroxide solution would not shrink when 
subsequently milled hand soap solution. 
have confirmed this observation and find that the 
fibers the treated fabric are very tightly coiled. 
Although the fabric had contracted area during 
the treatment cuprammonium hydroxide solution 
and this change fabric structure could itself restrict 


felting, seemed probable that coiling the fibers 
was partly responsible for limiting the shrinkage. 


test this, Merino 64’s wool top was treated 
concentrated solution cuprammonium hydroxide 
until contraction had occurred. The fibers 
were all extremely tightly coiled coils/in.) 
and remained elastic even after washing with water 
and drying. The wool was carefully teased out 
hand and attempts were made felt the stand- 
ard technique. Very little area shrinkage occurred 
and the felt was easily pulled apart. 

The elastic properties the fibers have been modi- 
fied considerably the treatment with cupram- 
monium hydroxide, but the theories Speakman, 
Stott, and Chang concerning the importance 


ease extension and ease recovery from deforma- 
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tion are applicable this case, the partly contracted 
fibers would expected felt more readily than 
untreated fibers. Hence seems very probable that 
replacing the crimp with very tight coils least 
partly responsible for the failure cuprammonium- 
treated fabric felt. not suggest that crimpi- 
ness the fibers the only even the chief factor 
determining felting rates, but there can doubt 
its importance. 

Many desirable and undesirable properties wool 
fabrics are attributable the felting properties 
wool. The present study does not make available 
practicable means varying the felting rates 
fabrics, but may suggest ways improving finish- 
ing techniques even new methods for obtaining 


shrinkproof fabric. 
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Some Dyes Solubilized Thiolsulfate Groups 
Brian Milligan and Swan 


Division Protein Chemistry, Commonwealth Scientific and Industrial Research 343 Royal 


Parade, Parkville, N.2, 


Victoria, Australia 


Abstract 


Four thiolsulfato azo dyes and three the corresponding sulfonate 
dyes have been prepared and their dyeing behavior wool studied. Three 
the thiolsulfates were found unexpectedly good dyes, especially regard 
washfastness. The thiolsulfate dyes under certain conditions application undergo 
partial decomposition, that some dye becomes bound covalently the wool and some 
converted the symmetrical dye disulfide 


Introduction 

Many commercial dyes acid 
(—SO,H) groups which serve make these dyes 
soluble water and which may also partly re- 
sponsible for the substantivity the dyes protein 
fibers. However, water solubility dye accentu- 
ates nonfastness wet treatments. have in- 
vestigated the possibility introducing, place 
—SO,H, reactive solubilizing group such that the 
soluble dye could converted chemical modifica- 
tion insoluble pigment the fabric. This 
process would analogous the fixing vat dyes 
and might allow improved washfastness 
achieved for wide range dyes. 


The sodium alkyl aryl thiolsulfates, RSSO,Na, 
often known salts,” were chosen for study. 
salts are salts strong acids, comparable 
sulfonates and sulfates, but unlike these are chem- 
ically reactive. For example, they can converted 
readily the corresponding thiols 12], disulfides 
13], thiocyanates [5], while the carba- 
moylethyl thiolsulfates can undergo rather com- 
plex reaction with amines yield thio-oxamides [7]. 
therefore envisaged that wool dyed with Bunte 
salts containing chromophoric systems could sub- 
jected aftertreatment order destroy the 
—SSO,Na group with simultaneous production 
insoluble dye. 
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Materials, Methods, and Results 
Wool 


The fabric used was woven from Merino 64’s wool, 
and had the following specifications: plain weave 
ends 31, picks 30; 7.1 (54 counts 2/28 
(worsted 


Apparatus 


Optical densities were determined with Beckman 
spectrophotometer (model DU) and relative reflec- 
tance measurements were made with EEL re- 
Radioactive samples 
were counted using thin-end Geiger-Miiller tube 
(EHM with conventional scaler unit. Dye 
samples were counted infinite thickness alumi- 
num planchettes sq. cm. area). 
were steam-ironed and circles in. diam.) punched 


Fabric samples 


out for counting larger planchettes 
area). Control experiments showed that the steam- 
ironing fabric samples dyed with labeled dyes 
caused loss radioactivity. 


sq. cm. 


Fastness Tests 


The Society Dyers and Colourists Fastness 
Washing Test No. and the lightfastness test de- 
scribed British Standard 1006:1955 were used 
the washfastness test the range 
ratings, minimum maximum, the light- 
fastness test, 0-8. 


throughout. 


Synthesis Dyes 


Two the dyes used this work have been 


described previously are sodium 


(thiolsulfatoacetamido )azobenzene 


lene which give yellow and orange shades re- 
spectively wool. 


(la) 


The sulfonate analogue sodium 4-sulfoaceta- 
midoazobenzene (Ia), was prepared follows. 


solution 4-chloro-acetamidoazobenzene (6.0 g.) 
formdimethylamide (75 ml.) was heated under reflux 
with solution (12 g.) water 
(50 ml.) for hr. 
dryness under reduced pressure and the residue was 


The mixture was evaporated 
then crystallized from water. The product (3.8 
46% separated the dihydrate, yellow needles, 
m.p. 250° (Found: 45.2; 4.5; 11.0; 
8.3. requires 44.0; 
4.3; 11.1; 8.5%). 
vacuo 150° Theoretical weight 
loss for dehydration the dihydrate 9.5%. 


Weight loss drying 
was 9.0%. 


N=N 


aminoethyl thiolsulfate 
azo-2-naphthol was converted into the corresponding 
acid chloride reaction with 
The acid 
chloride (2.0 g.) was added mechanically stirred 


chloride anhydrous dioxan 


solution sodium thiolsulfate hydro- 
bromide, prepared refluxing solution 
(1.7 g.) and 2-bromoethylamine hydro- 
bromide (1.4 g.) water (50 ml.) for hr.; the 
hr. the was adjusted and the precipitate 
filtered off and discarded. the filtrate 
(after adjustment gave residue which was 
extracted with boiling ethanol. this 
extract gave the crude Bunte dye (0.9 g.) which 
could not induced crystallize. However the 
cyclohexylammonium salt, prepared addition 
warm aqueous solution cyclohexylamine hydro- 
chloride, crystallized from aqueous ethanol orange- 
brown plates, m.p. 194° (Found: 54.9; 
54.7; 5.5; 10.2; 11.7%.) 

The analogous sulfonate dye was prepared re- 
action taurine with the acid chloride derived from 


4-carboxybenzeneazo-2-naphthol, the crude 


and 
product was isolated similar fashion. 
was converted 
into the 4-chloroacetate reaction with 


chloride anhydrous ether containing one equivalent 


t 

? 

A 

2. 

| 
Sigh, 

Mote 

ry 


pyridine. The product crystallized from ethanol 
pale orange plates, m.p. 148° (Found: 
52.6; 3.2; 13.5. requires 
52.6; 3.1; 13.2%.) solution the chloro- 
acetate (7.0 g.) ethanol (100 ml.) and solution 
(5.5 g.) water (100 ml.) were 
refluxed together for hr. Partial evaporation 
the solvent gave the thiolsulfate salt dye (3.5 g.). 
Recrystallization from either water ethanol gave 
pale orange plates, m.p. 118° (Found: 39.1; 
quires 38.5; 2.8; 9.6; 14.6%. Weight 
loss drying vacuo 110° was 4.4%. Theo- 
retical weight loss dehydration the monohydrate 
4.1%.) 

The analogous sulfonate dye was obtained heat- 
ing 
sulfite aqueous formdimethylamide solution under 
reflux for hr. Evaporation the mixture gave 
residue from which the crude sodium salt was ob- 
tained extraction with boiling alcohol, followed 
precipitation with ether. 


Application Thiolsulfate Dyes (1) and 


Samples woolen fabric were dyed approxi- 
mately depth shade each the four fol- 
lowing methods. 

The dyebath was prepared with 20% Glauber’s 
salt, sulfuric acid, and dye, using liquor- 
to-wool ratio 50:1. The wool was wet out and 
entered 40° C., and the temperature raised the 
boiling point min. Boiling was then continued 
for min. 
metric estimation 90% and 97% exhausted for 


The dyebaths were shown colori- 


2.6. 

for Method with the exception that 
acetic acid was used instead sulfuric acid. 
the dyebath containing there was 98% exhaus- 
tion, while the case the bath was virtually 
completely exhausted 
had The fabric dyed with was lighter 
and duller shade than that obtained Method 

for Method except that ammonium acetate 
was used place sulfuric acid. Although 
the dyebaths were almost completely exhausted 
precipitate slowly separated from the dye liquor 


dyebaths 


during dyeing. 
The dyebath was prepared with dye dis- 
solved 98% formic acid, using liquor-to-wool 
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ratio 10:1. Maximum dye uptake (approxi- 
mately depth shade) was obtained within 
room temperature. 

The sulfonate dye was also applied Method 
Exhaustion the dyebath was about 90% 
complete. 

All samples were rinsed running water for hr. 
and subsequently tested for fastness washing and 
light. The results shown Table 

order obtain more precise comparison 
samples dyed Methods and the samples 
were subjected series washing cycles, each 
min. with soap solution 60° After 
each soap-wash the sample was rinsed, dried, and 
the depth shade was assessed 
measurement the relative optical reflectance 470 
for dyes and and 550 for 


Decomposition and during Dyeing 


Continuous extraction with acetone fabric dyed 
with Method removed some the dye. This 


Fastness Ratings Dyes Applied Wool 
Various Methods 


Dye 


washing 


Lightfastness 


TABLE II. Conversion Thiolsulfate Dyes and 
into Disulfides (DSSD) During Dyeing 


Dye 
Dye converted into 7.5 60.53 5.4 13.15 


disulfide, 


TABLE Dependence Disulfide (DSSD) Formation 
Initial Concentration the Thiosulfate Dye 


Amount 0.10 0.20 0.47 0.95 
Method 


on 
Nw 


disulfide, 
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TABLE IV. Effect Various Treatments Radioactivity and Color Dyed Fabrics 


Successive treatments after dyeing* 


Extracted with 
Nil acetone 


Radio- 

activity, 
Dyeing curies, curies/ Dye curies, 
method Dye min. min, extracted min, 


None 


Formic I d 37 
acid 4 d 
Il None 


Acetic I 
acid 2 


Large amount 
Large amount 
Small amount 
Small amount 


Sulfuric I Small amount 


acid 1 


II Small amount 


* A dash indicates that the treatment was omitted. 


Extracted with 
pyridinet 


Dye curies/ Dye 
extracted min, 


Large amount 
Large amount 
Large amount 
Large amount 
Large amount A 


Large amount A 


Extracted with 
0.4 M sulfate 


Extracted with 
0.4 M sulfite 


curies/ Dye 


extracted min. extracted Comments 


Virtually all 


Very little 


Virtually all 


Very little 


None Some color remained 


on fabric 


None Some color remained 


on fabric 


None Some color remained 


on fabric 


None Some color remained 


on fabric 


little color _re- 
mained on fabric 


little color re- 
» mained on fabric 


+ Pyridine extraction caused decomposition of the thiolsulfate dyes, so that quantitative estimation of the unchanged thiolsulfates (and by difference, 


of chemically bound dye) was not possible. 


m.p. 209° [7]. 
fabric dyed with gave bis (1-phenylazonaphthyl-2- 


Similarly acetone extraction 


NHCOCH,S 


» 


The amount dye converted into disulfide during 
determined colorimetric estimation the acetone 
extracts wavelengths maximum absorption, 350 
and 410 respectively. The percentages thiol- 
sulfate dye converted into disulfide are shown 
Table 

The percentage converted disulfide, 
during dyeing Method was found vary with 
the amount dye applied. Table III shows the 
percentage conversion into for series dye- 
ings different depths shade. 


Dyeing with Thiolsulfate Dyes and Labeled with 


Dyes and were labeled exchange reac- 
tion aqueous [7, solution similar 
method that used for labeling sodium phenylear- 
thiolsulfate two crystal- 


lizations from ethanol the labeled dyes and had 
activities 617 and 642 cunes/min. respectively. They 
were applied fabric about depth shade 
Method 
with however, dye was removed. 
sequent extraction with 80% 


Part each dyed fabric was extracted 
Sub- 
pyridine completely 
stripped the dye. Other samples the original dyed 
fabrics were shaken 0.4 sodium sulfite solution 
for hr. The radioactivity each sample was de- 
termined, the results being shown Table IV. 

The labeled dyes were then applied fabric (2% 
depth shade) using dyeing Method Fabric 
samples were extracted successively with acetone and 
with 80% pyridine, and then shaken for hr. 
0.4 sodium sulfite solution. Pyridine extracted 
samples were also treated similarly with 0.4 
sodium sulfate solution. Following extraction 
disulfides and with acetone, further dye was 
removed 80% pyridine. However considerable 
proportion dye was not extracted pyridine, 
nor was this dye removed shaking with sulfite 
sulfate solutions. 
Table IV. 

Finally the radioactivities fabric dyed with 
labeled dyes and using Method were deter- 
mined, and also the radioactivities these fabrics 
after successive extractions with acetone and 80% 
pyridine. Small amounts the disulfides and 
were removed extraction with acetone, whereas 
continuous extraction with pyridine 
tually all the dye. Activities are shown Table IV. 


Radioactivities are shown 


39 38 33 
1 
: 
f 
| } J 
| 
if 
. 


Reaction and with Cystine 

solution (10 mg.) and cystine mg.) 
water (10 ml.) was adjusted addition 
dilute acetic acid, and then heated steam bath 
for hr., aliquots being withdrawn intervals. 
They were applied paper chromatogram which 
was subsequently developed (3:1). 
After the solutions were heated for min. pre- 
cipitate, identified the disulfide began 
separate. The yellow spots the paper chromato- 
gram were marked, and the ninhydrin-positive spots 
the re- 
action proceeded there was gradual disappearance 


were then developed the usual way. 


cystine and accompanied increase con- 
centration disulfide and 


S-sulfocysteine 
The same result 


(METHOD!) 


(METHOD 


(METHOD 


RELATIVE OPTICAL REFLECTANCE 


NUMBER WASHING CYCLES 


Fig. 


Effect successive washings depth shade 
(dyes and Ia). 


(METHOD 

(METHOD 

(METHOD 

NUMBER WASHING CYCLES 


(dye 
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gave similar results; reaction both and with 
also gave the dye 
disulfides and second compound which was identi- 
fied chromatographically 
glycine. control experiments which cystine was 
omitted, disulfides were formed. 


Application Thiolsulfate Dyes and and 
Their Sulfonate Analogues 


Dye III (as its cyclohexylammonium salt) and 
the corresponding sulfonate (the crude sodium salt) 
were applied Methods and giving identical 
dull orange shades. The washfastness rating III 
when applied Method was 3-4 and when applied 
Method was 4-5. color was extracted 
acetone from fabric dyed with using Method 
but all the dye could stripped with 80% pyridine. 
However, fabric dyed with III Method lost 
small amount color extraction with 
also, continuous extraction with 80% pyridine failed 
remove all the dye. The washfastness rating 
the sulfonate dye was irrespective the dyeing 
method. Both dyes had lightfastness rating 

The dye and its sulfonate analogue (the crude 
sodium salt) were also applied Methods and 
The thiol- 
sulfate dye was extremely poor dye, washfastness 
rating the sulfonate dye had slightly better fast- 
ness, although soap washing was accompanied 
marked change shade towards brown. The light- 
fastness rating both dyes was 


and gave similar yellow-orange shades. 


Discussion 


Initially was believed that the thiolsulfate dyes 
would adsorbed unchanged wool during dyeing, 
and that the resultant dyeings would com- 
paratively low washfastness. was hoped that sub- 
sequent treatment the dyed wool with reagents 
capable converting Bunte salts insoluble deriva- 
tives would then improve the fastness. Therefore 
was surprising find that dyes and had wash- 
fastness ratings the range depending the 
method dyeing, whereas Ia, the sulfonate ana- 
logue had fastness rating Moreover, 
preliminary experiments showed that obvious im- 
provement washfastness dyes and resulted 
from aftertreatment the dyed fabric with bromine 
water, peracetic acid, ammonia. 

More precise comparison the washfastness 
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fabric samples dyed different methods was made 
measuring the relative optical reflectance after 
number successive washing cycles. The 
results (Figures and showed that maximum 
washfastness was obtained applying the dyes with 
acetic acid the dyebath. The use sulfuric acid 
gave dyeings slightly higher fastness than those 
obtained using the rapid dyeing process described 
Harrap which dyeing carried out an- 
hydrous formic acid room temperature. 

Contrary the usual behavior acid dyes, the 
thiolsulfate dyes were exhausted higher degree 
when acetic acid, rather than sulfuric acid, was used 
the dyebath. However the depth shade re- 
sulting from application with acetic acid the 
dyebath appeared the eye considerably less 
and the hue duller than the dyeing obtained using 
sulfuric acid. This was not the case with II. 

Further investigation showed that the dyes, which 
can write had undergone partial de- 
composition during application conventional 
ing methods. Extraction the dyed fabrics with 
acetone yielded the corresponding disulfides, DSSD. 
During application (2% the weight the 
fabric) using acetic acid, 50-60% the dye was 
converted disulfide, whereas only 5-7% conver- 
sion took place sulfuric acid was used the dye- 
bath. The difference apparent depth shade 
may therefore explained this case assuming 
that the disulfide contributes little towards the color. 
During dyeing with (2% the weight the 
fabric), the conversion disulfide using acetic and 
sulfuric acids was approximately 14% and re- 
spectively. Application the dyes anhydrous 
formic acid resulted little decomposition 
disulfide. The percentage conversion disul- 
fide during application with acetic acid the dye- 
bath was observed dependent upon the con- 
centration dye applied. This value increased from 
conversion 0.1% depth shade 52% for 
1.95% depth shade. have convincing ex- 
planation for this phenomenon. 

mentioned before, fabrics which were dyed 
with using acetic acid the dyebath lost 
considerable amount disulfide extraction with 
acetone. Further extraction with 80% pyridine re- 
moved additional color, almost certainly present 
the fiber unchanged dye and extracted its py- 
ridinium salt. However the fabric still retained con- 
siderable color, which attribute mixed disul- 


fides formed reaction the dyes with thiol and/or 
disulfide groups wool. The chromophoric system, 
being covalently bound the wool, would re- 
sistant pyridine extraction. Only small amount 
dye resistant pyridine extraction was formed 
when the dyes were applied with sulfuric acid the 
dyebath, and none all when the formic acid dyeing 
process was employed. Unfortunately, quantitative 
estimation unchanged thiolsulfate dye was not 
possible since thiolsulfates decompose during extrac- 
tion with hot pyridine. The complete extraction 
thiolsulfate dyes applied from formic acid neverthe- 
less shows that the residual color present fabric 
dyed Methods and not due decomposi- 
tion product formed during pyridine extraction. 

order derive further information the fate 
thiolsulfate dyes and the mechanism disulfide 
formation during dyeing, these dyes were labeled 
according Equation 


The reaction can displaced the right the use 
excess labeled sulfite. 

Various modes decomposition Bunte salts 
can envisaged. Direct decomposition 
observed heating [1, 8], and with labeled Bunte 
salts this would lead loss radioactivity accord- 
ing Equation However insoluble disulfide 
was formed boiling dye solutions the absence 
wool. 


Another possibility the reaction dye with 
thiol groups (WSH) the wool according Equa- 
tion 10, 11]. For wool 


containing 30-40 pmol. SH/g., maximum 
1.2% dye (assuming wt. 300) could co- 
valently bound this process. Radioactivity would 
lost from the fabric, except that the small amount 
liberated bisulfite might react with the disulfide 
groups (WSSW) the wool, according Equa- 
tion imparting some radioactivity the wool. 


third possibility the previously unobserved re- 
action thiolsulfate dyes with disulfide groups 


the wool, with transfer the radioactive label from 
wool, viz. 

both cases (Equations and the unsymmetri- 
cal disulfides WSSD could presumably dispropor- 
tionate, least part, give the symmetrical di- 
sulfide DSSD, which would deposited almost 
entirely inside the fibers, observed. 

Some evidence has been obtained support the 
formulation Equation Thiolsulfate dyes and 
both react with cystine (shown CySSCy) 
and also giving the correspond- 
ing symmetrical disulfide 
similar reaction also occurred with 
the peptide the products be- 
ing the symmetrical dye disulfide and the peptide 
glycyl-S-sulfocysteinylglycine. 
mixed disulfides could not demonstrated, but 
assumed that they are intermediates the reaction. 


the case cystine, the overall reaction 


and the process represents new type disulfide 
interchange. 

When fabric was dyed with labeled dyes and 
the formic acid process, comparatively high 
radioactivity was conferred the dyed fabric (Table 
This was not appreciably affected acetone 
extraction, but was virtually completely removed, 
was the dye, continuous extraction with 80% 
pyridine. The radioactivity, but not the dye, could 
removed shaking with excess sodium sulfite 
solution, effecting reversal Equation These 
results support the view that thiolsulfate dyes are 
unchanged when applied the formic acid dyeing 
process. 

Similarly, when these: thiolsulfates were applied 
the conventional dyeing method, using acetic acid 
the dyebath, the initial level radioactivity was 
not affected acetone extraction considerable 
amounts disulfide. 
pyridine resulted removal dye and fall 
radioactivity, compatible with extraction un- 
changed thiolsulfate (Table The residual color 
resistant pyridine extraction was accompanied 


Subsequent extraction with 


considerable radioactivity. The color almost cer- 
tainly due mixed disulfide, the radioactivity being 


incorporated S-sulfocysteine residues the wool 
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protein 5). The radioactivity could 
removed shaking the fabric with sodium sulfite 
solution, but was not significantly affected treat- 
ment with sodium sulfate, which indicates that the 
activity not lost displacement adsorbed ions 
but exchange reaction (Equation 7). 
When the labeled dyes were applied using sulfuric 
acid the dyebath (Method 1), and the resultant 
dyed fabrics extracted with acetone, radioactivity 
was removed, despite the removal some disulfide 
(Table However, subsequent extraction the 
dyed fabrics with pyridine removed virtually all 
color and all radioactivity. Apparently when these 
thiolsulfate dyes are applied using sulfuric acid 
the dyebath, only little mixed disulfide remains 
the completion dyeing. The small amount 
symmetrical disulfide could arise reaction between 
the dye and thiol groups wool (Equation fol- 
lowed disproportionation the resulting mixed 
disulfide. The liberated bisulfite should 
with the wool this case, due the low 
thus accounting for the absence radioactivity 
the pyridine-extracted fabric (Table IV). Thus 
appears that application thiolsulfate 
Method (acetic acid) gives rise mixed disulfides 
(WSSD) the reactions shown Equations and 
the symmetrical disulfide (DSSD) being formed 
from WSSD subsequent partial disproportiona- 
Application Method (sulfuric acid) re- 
sults smaller amounts mixed disulfide, probably 
formed according Equation only; symmetrical 
disulfide again arises disproportionation. The 
fact that these reactions proceed more readily 
disulfides formed, explains our observation that 
the thiolsulfate dyes are exhausted more completely 
from dyebaths containing acetic acid rather than 


tion. 


sulfuric acid. 

The thiolsulfate was also better dye than 
its sulfonate analogue, and here again application 
both the symmetrical disulfide and the dye-protein 
mixed disulfide. Only dye could regarded 
quite unsatisfactory, but any case the sulfonate 
analogue was scarcely better. 

While the dyes described this paper may not 
satisfactory for industrial use, the experiments have 
shown that dyes containing the —SSO,Na group 


> 
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have unexpectedly high affinity for wool, that 
dye containing this group will very likely more 
fast washing than the corresponding sulfonate dye. 
addition, may possible synthesize thiol- 
sulfate dyes sufficiently high reactivity con- 
stitute new class reactive dye for wool. 
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Static Electrification Filaments: Effect 
Filament Diameter 


Department Physics and Astronomy, Michigan State University, East Lansing, Michigan 


Abstract 


study was made the effect filament diameter the charge transferred 


between filaments rubbed together under controlled ambient and mechanical conditions. 
Filaments various diameters and medium resistivity (nylon, ohm-cm.) were 
rubbed against filament low resistivity (tantalum, ohm-cm.) and one high 

resistivity (polyethylene, ohm-cm.) different normal forces between the fila- 
ments. For nylon against tantalum, the charge transferred was found proportional 
the square root the product the diameter and the normal force between the 
filaments. For nylon against polyethylene, the charge transferred was found 
proportional the square root the normal force, but nearly independent the 
diameter. findings are consistent with the hypothesis that the charge transferred 
proportional the true area contact (that is, the area over which interpenetration 
molecular fields occurs) swept out the object lower conductivity. 


but suspected that the cause the observed changes 
charge transferred might possible differences 
chemical composition between samples, rather 
than differences diameter. eliminate this 
source uncertainty, the study reported herein was 
undertaken, with samples specially prepared from 
the same batch polymer. 

According the working hypothesis put forth 
Cunningham and Montgomery the net charge 


the variables characterizing the electro- 
static behavior solids, that size important 
because its practical significance and because its 
potential value elucidating the mechanism 
charge transfer. Hersh and Montgomery, their 
exploratory studies [5, the effect diameter 
charge transfer between filaments, found ap- 
parent dependence charge size. Cunningham 
and Montgomery [3] reported diameter effect, 


By 

low 

erg 
ty 

= 
alge 

2 


transferred, may considered the product 
two terms, the initial charge times the fraction 


retained, Both and would expected 


depend the filament diameter, but quite differ- 
ent ways. The simpler dependence probably that 
and was decided attack this aspect the 
problem first maintaining nearly constant 
unity. discussed [3, 7], this end achieved 
working high resistivity and not too high speed. 
desirable also work values charge below 
those capable producing electrical breakdown, 
thereby avoiding the complications secondary 
effects. 

According the ideas suggested the papers 
cited, hoped resolve the initial charge into 
the product two factors, the first designated 
and dependent only the materials and their state 
strain, the second denoted and dependent 
only the geometry the objects and the forces 
between them. Such resolution large ex- 
tent arbitrary, being possible always unlimited 
number parameters allowed. Its usefulness de- 
pends the simplicity attainable the factors. 
the present work appears that the factor can 
expressed simple function normal force and 
diameter, least within the restricted range vari- 
ables employed. The observed dependences are con- 
sistent with the hypothesis that the factor pro- 
portional the true area contact swept out 
the object lower conductivity. “true area 
contact” meant the area over which the molec- 
ular fields the two objects interpenetrate. 


Samples 


The range speeds attainable with the apparatus 
hand was such that the use filaments with re- 
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Fig. Variation electrometer voltage (proportional 
charge transferred, with successive rubs. (Nylon 
against tantalum: charge positive nylon.) 
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sistivities ohm-cm. higher would insure 
virtual constancy the factor for the diameters 
investigated. The resistivity nylon rises 
above this figure easily realizable temperatures 
and humidities, and this material was selected the 
primary one studied. further attraction, 
considerable body data the electrical proper- 
ties nylon available [1, 8]. Two sets 
samples were obtained: first, set extruded the 
same diameter and then drawn different ratios; 
second, set extruded different diameters and not 
The filaments both set were essentially 
circular cross section. The diameters the drawn 
filaments were small and were determined vibroscop- 
ically. The diameters the undrawn filaments were 
considerably larger and were determined microscop- 
turned out that the drawn filaments varied 
strongly diameter along even short 
that the results with them were erratic from sample 
sample. Consequently the investigation was con- 
fined the undrawn filaments, and all the results 
described pertain them. 

The materials against which the nylon was rubbed 
had resistivities much lower (tantalum, ohm- 
cm.) much higher (polyethylene, ohm- 
cm.) than the test specimens (nylon, ohm- 
cm.). These materials were chosen view their 
low chemical reactivity and previous experience with 
them. The effect washing the filaments dis- 
tilled water, wiping them with cotton filter 
paper, was not great; accordance with previous 
experience, special treatment was given the 
samples. 


Apparatus and Technique 


The apparatus has been described the papers 
pair initially uncharged against each 
other under controlled ambient con- 
ditions, and for measuring the charge remaining 
upon subsequent separation the 
the present experiments the atmosphere was air, 
humidity 2%. Closer control was not war- 
ranted for the experiments under consideration. The 
length stroke was kept constant cm. The 
type rub was that is, the axis one 


are indebted Dr. Peacock the Chemstrand 


Corporation for the first set, and Dr. Kubu 
the Goodrich Research Center for the second. 
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filament was inclined 45° the direction mo- 
tion, while the axis the other was also inclined 
45° but the opposite sense, that the filament 
axes lay right angles the same this 
way the surface contact was renewed constantly 
along each filament. The speed was maintained 
constant throughout the course the experiments, 
except for occasional test runs higher lower 
speeds see that the factor was indeed constant. 

Because not certain how the charge trans- 
ferred depends normal force hence what 
manner evaluate the effect diameter apart 
from that normal force the course the 
dependence was established for each diameter 
filament. The dependence charge diameter 
was then examined cross-plotting. 

According the reasoning Section 
the region phenomena most likely amenable 
analysis the “steady-state behavior,” that is, the 
behavior following number rubs large enough 


that the secular trend slight. this 
region attained only after several score rubs for 
some pairs materials (for example, tantalum and 
nylon) but within dozen rubs for others (for 
example, polyethylene and nylon). Hence for each 
point the curve with given filament was 
necessary make series rubs, neutralizing the 
transferred charge after each rub use ionizing 
radiation, and take the asymptotic value for the 
desired value. 

illustrate this procedure, Figures and show 
the electrometer voltage (proportional the charge 
transferred) function time, hence number 
rubs, for two series rubs. The materials for 
Figure were tantalum and nylon, and for Figure 
polyethylene and nylon. The output from the 
electronic electrometer was fed into recording 
galvanometer, the chart which could speeded 
for greater detail when was desired see the 
structure the trace. the first rubs each series 
the charge developed changes, but gradually attained 
some limiting value. 
large number rubs judged eye. 


The asymptotic value 


The normal force was controlled varying the 
tension the bottom filament (nylon), which 
deflected fixed distance under the load the top 
filament (tantalum polyethylene) 
Although 
this method control was not ideal, was ex- 


practically rigid under high tension. 


tremely convenient from the standpoint experi- 


ment. For theoretical interpretation, the control 
normal the “direct method,” that is, 
maintaining each filament practically rigid and load- 
ing the upper yoke, perhaps preferable. for 
filaments small diameter this method not fea- 
sible. all cases the force was kept low enough 
avoid charge transfer large enough result 
electrical breakdown (cf. [2, 3]). 


Results 
Reproducibility—rub-to-rub. can seen from 
Figure the rub-to-rub reproducibility within 
the mean course the curve for given set 
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Fig. Variation electrometer voltage (proportional 
charge transferred, with successive rubs. (Nylon 
against polyethylene: charge positive nylon.) 


Nylon Tantalum 


Voltage (v) Charge 


Tension (g) Normal Force 


Fig. (in terms electrometer voltage) 
function normal force (in terms filament tension) 
for nylon filaments various diameters rubbed against 
tantalum wire. 
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Fig. Logarithmic plot charge against the product 
normal force nylon filament diameter for nylon fila- 
ments rubbed against tantalum wire. 


rubs. This finding agreement with previous 
experience. 

Reproducibility—set-to-set 
repetition set rubs the type depicted 
Figure usually gives the same limiting value within 
10%, even though the initial part the curve may 
differ substantially. 

Replications experiment with dif- 
ferent sections the filament from the same spool 
give results for the steady-state value charge 
which are usually within 25% one another. 

Dependence charge normal Figure 
plot electrometer voltage (proportional 
charge) against filament tension (proportional 
normal force), after the steady state 
reached, for nylon filaments various diameters 
rubbed against tantalum wire diameter 
The trend increasing charge with increasi:.g force 
and diameter evident. Under the assumption that 
the charge transferred proportional the area 
contact, reasonable (as will discussed 
later) expect the charge vary the square root 
the product the force times the diameter. 
logarithmic plot the charge against the product 
shown Figure The straight line, drawn 
with slope one-half, seen fit the data fairly 
possible get better fit using analyti- 
cal relations containing more than one parameter, 
stantiated theory hardly seems worthwhile. 


fiber, the smallest diameter gave charges 
somewhat larger than the fibers. speculate that the 
very fine nylon filaments twist under the action the thick 
tantalum filament that they rub against and thereby present 
fresh area for contact. This behavior must investigated 
further. 


reproducibility the data 
for nylon rubbed against polyethylene about the 
that for nylon rubbed against tantalum. 

plot showing charge against normal force, after 
the steady state has been reached, for nylon filaments 
various diameters rubbed against polyethylene 
filament diameter general, the data are 
less regular than those for nylon against tantalum 
and the points are connected with straight lines 
simply facilitate inspection the figure. The 
trend increasing charge with increasing normal 
force evident, but strong trend with diameter 
appears. Specifically, law the form 
not all acceptable. possible, however, 
represent approximately the effect force alone 
square-root law, logarithmic plot against 
would show. Then, get better idea the 
dependence diameter, the greater part the 
dependence force may removed dividing 
the value the charge the square root the 
force and then plotting the resulting value 
against diameter The results this procedure 
are shown Figure which there have been 
included the data for another set 
those Figure 

One might say that slight trend now apparent, 
increase diameter factor more than 
ten producing increase charge something 
less than 50%. desired represent the 
variation power law, the power not greater 
suggesting specific form for the variation, until 
data higher precision become available, have 
chosen say simply that the charge transferred 
for nylon against polyethylene essentially inde- 
pendent diameter. 


Discussion 


Perhaps the simplest hypothesis explain the 
observed dependence the geometric factor 
diameter and normal force take pro- 
portional the true area contact swept out 
the object lower conductivity. The present results 
are consistent with this hypothesis, under the addi- 
tional assumption that actual molecular contact takes 
place only local protuberances 
the other. For light loads, this almost certainly 
the case. 
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Polyethylene 


Voltage (v) Charge 


Tension (g) Normal Force 


Fig. Charge (in terms electrometer voltage) 
function normal force (in terms filament tension) 
for nylon filaments various diameters rubbed against 
315u polyethylene filament. 


DIAMETER 


Fig. Logarithmic plot the quotient charge 
square root normal force against diameter nylon 
filament for nylon filaments rubbed against polyethylene 
filament. 

The rubbing process the present experiments 
must analyzed some detail illustrate the 
application these hypotheses. The geometry 
not ideal, and only estimates the area can made. 
Figure schematic diagram the arrangement 
utilized. The top filament (tantalum polyethy- 
high tension that may considered rigid with 
respect bending. The bottom filament (nylon, 
varying diameter) contact with the top fila- 
ment along are whose length remains nearly con- 
stant even when the diameter the bottom filament, 
the normal force between the filaments, changed, 
since the overlap between the yokes maintained 
constant. The length the region instantaneous 


apparent contact hence nearly constant, even 
though its width varies with load and diameter. 
Figure schematic diagram illustrating the 


contact greater detail. The upper view the 


upper part the figure shows, the intersection 


the center lines the two filaments, the cross- 
hatched region macroscopic instantaneous contact, 
width and length the bottom filament 
moves (relatively) the direction shown the 
diagonal arrows, band rubbed area swept out 
each filament. This area shown-as bounded 
pair dashed lines equidistant about each center 
line. 

the left the region instantaneous contact 
shown one the same shape representing region 


future contact. The microscopic protuberances 


TOP YOKE 


BOTTOM YOKE BOTTOM YOKE 


Fig. Schematic diagram yoke arrangement: the 
normal torce nearly equal twice the tension times the 
ratio overlap (5.75 mm.) half the yoke span (half 
104 mm.). 
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Bottom 
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Fig. 


Schematic diagram showing some details the 
contact between pair filaments, 
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are shown schematically circles various diam- 
eters. The trajectory this region shown 
diagonal dashed lines. point the region 
the top filament, within the parallelogram shown 
the top. The protuberances this filament are 
represented schematically the same fashion 
the bottom filament. 

Consider now the case when the top filament 
tantalum, good conductor. The charge transferred 
supposed proportional the true area 
contact the bottom filament, that lower con- 
ductivity (nylon). Now every point the nylon 
filament must traverse long path the tantalum 
filament, hence likely encounter somewhere 
along its path protuberance the tantalum and 
therefore make intermolecular contact. That 
say, the entire macroscopic area the nylon makes 
intermolecular contact with the tantalum. The mac- 
roscopic area contact very nearly equal the 
product the length stroke, times but 
that the instantaneous macroscopic area contact 
may approximated that for infinite cylinder 
against plane, proportional the square root 
and (see e.g., Hence the microscopic 
area contact the nylon, which nearly equal 
the macroscopic area contact, expected 
proportional has been seen Figure 
the behavior found experimentally 
with this law. 

the other hand, when the top filament poly- 
ethylene, good insulator, the area swept out 
supposed control the charge. The macroscopic 
area swept out the polyethylene simply times 
the length stroke, hence independent both 
and The microscopic intermolecular area 
contact this case not, however, equal the 
macroscopic area, under our assumption that true 
contact occurs only protuberances. For the area 
intermolecular contact swept out equal the 
sum the areas described each protuberance 
one filament contact with the other filament. Now 
the total area microscopic contact any instant 
proportional the normal force, but independent 
the diameter; the width each region contact 
then proportional the square root the load. 
Hence the area intermolecular contact equal 
the sum the widths each single region micro- 
scopic contact times the path length \/2 (at least 
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until the normal forces become large that the re- 
gions microscopic area contact begin over- 
lap). Then the true area contact, accordingly the 
has been seen Figure the behavior found ex- 
perimentally consistent with this prediction, al- 
though the scatter the data large that firm 
statement difficult make. 

view the difference form for the depend- 
sible unify the results the hypothesis charge 
transfer proportional true area contact—it 
not surprising that different opinions the exist- 
ence diameter effect have been expressed. For 
the true area contact appears depend not merely 
the diameters the filaments (and course the 
normal force between them) but also the mecha- 
nism the rubbing further experimenta- 
tion with different materials over greater range 
diameters for both the filaments contact, and 
with different geometries, substantiates the hypothe- 
sis that the factor proportional the true con- 
tact area then the validity separating the charge 
into the product and will appear established. 
could then write 

where varies for both the cases considered 
the present work, but proportional for the 
experiments and for the nylon— 
polyethylene experiments. 

perhaps premature emphasize the utility 
the above relation (or similar one) the in- 
vestigation electrification and frictional phenomena 
before its validity has been substantiated. None- 
theless believe that the basis established 
for the existence and the rationality diameter 
effect and that its study likely fruitful 
elucidating the processes static electrification. 
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Supercontraction Wool Aqueous LiBr; In- 
hibition Free Br, and its Relation 
Sulfhydryl-Disulfide Interchange 


Division Protein Chemistry, Wool Research Laboratories, 343 Royal Parade, Parkville, 
(Melbourne), Victoria, Australia 


Abstract 


Wool treated with N-ethylmaleimide (NEMI) decrease the sulfhydryl content 
70% supercontracts much more slowly than untreated wool 98.5° LiBr 
whereas LiBr/1 the contraction rates treated and untreated fibers 
are equal. Pretreatment wool with dilute bisulfite solutions accelerates supercontrac- 
interchange reactions between sulfhydryl and disulfide groups facilitates supercontraction. 

The presence the solutions LiBr used for supercontracting wool fibers 
causes different effects according the the LiBr solutions. the 
supercontraction accelerated all levels contraction; the initial stage 
supercontraction accelerated and the second stage contraction retarded; 
supercontraction retarded all levels contraction. Wool fibers super- 
contract solutions dilute HCl even low temperatures. 

Evidence presented that reacts with sulfhydryl groups wool during super- 
contraction solutions LiBr and that acts site the wool fibers affected 
pretreatment with NEMI. Wool fibers which have been reduced with thioglycollate 
and either cross-linked with ethylene dibromide reacted with methyl iodide show 
change contraction kinetics when added the LiBr solutions. concluded 
that inhibits supercontraction solutions LiBr reacting with sulfhydryl 
groups and interfering with interchange reactions between sulfhydryl and disulfide 
groups the wool. 


Introduction Burley’s experiments were concerned chiefly with 

Burley has presented considerable evidence extension wool fibers, the experiments 
that stretching and supercontraction wool less comprehensive and con- 
aqueous media are facilitated interchange re- supercontraction aqueous phenol. fact, 
action between disulfide and sulfhydryl groups the suggests that supercontraction solutions LiBr 
wool proteins. This hypothesis suggests explana- cannot interpreted terms interchange 


tion for the observation Griffith and Alexander reaction. 
that Br, low concentration inhibits the super- This paper describes experiments determine 


contraction wool fibers hot solutions LiBr. whether not supercontraction wool fibers 


| 

i By hae 

‘nly 

‘ 
_ 

As 

4 


hot solutions LiBr facilitated interchange re- 
actions between sulfhydryl and disulfide groups and 
whether not inhibition supercontraction Br, 
groups and consequent limitation the interchange 

Materials and Methods 


most the experiments Corriedale wool 
was used but Lincoln wool was used one ex- 
periment, indicated the text. The wool was 
cleaned extraction three times with cold light 
petroleum, once with cold ethanol, and repeatedly 
with cold distilled water. was dried stream 
air 40° and conditioned. 

was B.D.H. Laboratory Reagent; acetic 
acid HCl, NaOH, H,BO,, and were 
Analytical Reagent quality, and N-ethylmaleimide 
was supplied Light and Co. Ltd. 

Buffers were prepared dissolving enough the 
appropriate acid give 0.1 solution less than 
the required volume water, titrating the required 
with NaOH using glass electrode assembly, 
and adjusting volume. The LiBr was dissolved 
these buffer solutions and the 
necessary. 

The kinetics supercontraction wool fibers 
98.5° were followed the method already out- 
lined [3]. Except where Br, was added the solu- 


tions LiBr and acidic solutions, traces free 
Br, the solutions were removed adding few 
taining graded amounts Br, were prepared 


+Br, 


SUPERCONTRACTION (%) 


TIME 


JOURNAL 


diluting concentrated solution Br, aqueous 
LiBr the required with similar solution 
the same pH. order minimize losses 
the latter solutions were already the experi- 
mental 

Cystine content wool was determined 
hydrolyzed fibers the method Leach [8] and 
wool hydrolysates the method Shinohara 
[12]. Sulfhydryl determinations were made the 
colorimetric method Burley and some ex- 
periments the polarographic method Leach [8]. 


Experimental and Results 


Effects Br, Supercontraction LiBr Solutions 
Various Values 


The rates supercontraction 98.5° were 
followed the following solutions with the addition 
different amounts Br, each case: LiBr 
8.0-8.5 0.1 borate buffer. 

The response the addition Br, these solu- 
tions was three types. LiBr solutions con- 
caused increase contraction rate over the whole 
low concentrations Br, increased the initial rate 
contraction, but marked retardation ensued 
the level contraction approached 20%, giving 
clearly-defined two-stage effect (Figure 2). 
higher Br, concentrations the initial contraction was 
further accelerated, but the retardation later stages 
contraction was less marked, and 


SUPERCONTRACTION (%) 


TIME (MIN) 


NO Br 
Br, 
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high Br, concentrations contraction was accelerated 
all levels contraction. 

larly 8-8.5, low concentrations Br, caused 
slight initial acceleration followed slight re- 
tardation, but obvious two-stage effect (Figure 
3). With increasing concentrations Br, the small 
initial acceleration disappeared and the supercon- 
traction was retarded over the whole range con- 
traction. Even with Br, the solutions, 
maximum retardation had not been attained. 

comparison Figures and shows that 
the Br, concentration which reversal the inhibi- 
tion becomes apparent increased with increasing pH. 

fibers 98.5° the absence LiBr. With 
higher concentrations Br, contraction occurs 
lower temperatures and with lower acid concentra- 
tions. For example, rapid contraction takes place 
solution containing 0.02 Br, and 0.1 
50° such effect was observed with solu- 
which had been heated 98.5° for min. solu- 
liquor ratio was found have de- 
creased weight 25%. The cystine content 
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TIME (MIN) 
Fig. Effects Bre supercontraction Corriedale 


the residue determined the method Shino- 
hara was 341 pmole/g., the corresponding value 
for untreated wool being 474 pmole/g. 


Relation between Sulfhydryl Content and Rate 
Supercontraction 


order determine the change 
content the early stages supercontraction 
solutions LiBr containing Br,, samples wool 
were heated for min. 98.5° solutions 
LiBr 6.0 with the addition various 


used approximate that used the supercontraction 


amount 


single fibers ml. per single fiber weighing ap- 
proximately 0.2 washing remove 
LiBr, air-drying, and conditioning, the sulfhydryl 
contents the samples were determined using the 
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Fig. Kinetics supercontraction Corriedale 56’s 
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Fig. The effects various concentrations 
the supercontraction untreated and Corrie- 
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Fig. The kinetics supercontraction untreated and 
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Fig. Effects pretreatment Corriedale 56’s fibers 
with for 1.5 hr. 30° the kinetics 


method Burley shows that Br, 
completely oxidize the sulfhydryl groups. Similar 
experiments using the method Leach [8] showed 
that the sulfhydryl content was reduced only 
40% when Br, was used solution 
LiBr 8.2 for the same period. 

Wool with low sulfhydryl content was prepared 
immersing the wool sample 0.05 N-ethyl- 
maleimide 30° buffered with 0.1 
phosphate 7.3. Treatment was continued for 
days with liquor ratic 250:1. The wool was 
then thoroughly washed and air-dried. this way 
the sulfhydryl content was reduced from 17.3 
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TABLE Sulfhydryl Content Corriedale 56’s Wool 


content, 
Treatment fibers 

Untreated 17.3 
LiBr min., 14.7 
LiBr, Bre, min., 100° 13.9 
LiBr, Bre, min., 100° 5.6 


TABLE (SS SH) Content Lincoln 36’s Fibers 
after Modification Disulfide Bonds 


(SS 


Modification 
Untreated 434 
Reduced and methylated 165 
Reduced and cross-linked 284 


Twice reduced and cross-linked 
5.5 pmole/g. Single fibers the 
taining Br, concentrations ranging from 
Figure compares the rates contrac- 
tion with those for the supercontraction untreated 
fibers the same solutions. 

the absence Br, the fibers 
contracted more slowly than untreated fibers. This 
difference contraction rates became less apparent 
which exceeded the concentration required 
for minimum rate contraction, the untreated and 
fibers contracted identical rates. 
Similarly, the retardation due low concentrations 
Br, was less marked with fibers 
than with untreated fibers. contrast, with the 
pretreatment wool with NEMI did not affect 
(Figure 6). 

Pretreatment fibers 1.0% solution 
for 1.5 hr. 30° caused marked acceleration 
with fibers, the effect was much 


The Effect Br, the Supercontraction Fibers 
with Modified Disulfide Linkages 


Following the work Lindley [9], Lincoln 36’s 
wool was reduced 0.5 thioglycollic acid 
and subsequently cross-linked with 1,2-dibrom- 
ethane. portion the cross-linked wool was again 


January 


reduced and again cross-linked with 1,2- 
following Lindley’s directions. 
third sample wool was reduced with 0.5 
glycollic acid and treated for hr. room 
temperature with methyl iodide 9.1 
methyl iodide 150 ml. 0.1 Na,HPO,, 
wool). The decrease content 
these wool samples estimated the polarographic 
method Leach shown Table 

The effect Br, and the kinetics 
supercontraction such modified fibers LiBr 
traction untreated fibers was greatly retarded 
the presence Br,, the rates contraction the 
cross-linked, twice cross-linked, and reduced and 
methylated fibers were unaffected. Replication 
the experiments showed that the small differences 
shown the figure were entirely due 
fiber 


The Effect Br, the Kinetics Supercontraction 
Fibers Modified other Ways 


Wool which had been nitrated treatment with 
40% (wt./wt.) HNO, for hr. 20° [4] was 
supercontracted LiBr 8.1 with and 
without the addition Br, the solu- 
tion. Figure shows. that the Br, inhibited the 
supercontraction wool. the other 
hand, wool which had been iodinated ethanol 
the method Richards and Speakman [10] super- 
contracted LiBr 8.0 the same rate 
whether Br, was present not (Figure 9), 


SUPERCONTRACTION (%) 


TIME (MIN) 


supercontraction Lincoln 36’s fibers which the disulfide 
bonds have been contraction LiBr, 8.4. 
Untreated fibers, fibers reduced and methylated, 
fibers reduced and cross-linked, fibers twice re- 
duced and cross-linked. 


un 


The Effect lodate the Kinetics Supercon- 
traction Phenol 


the effect Br, the result oxidation 
sulfhydryl groups, should possible simulate 
the effect supercontractions with aqueous phenol 
the addition oxidizing agent capable 
reacting with sulfhydryl groups. Free halogens 
could not used for this purpose, but iodate 
known react with sulfhydryl groups. Figure 
1.5 phenol 0.1 borate 8.6 caused 
marked retardation supercontraction 
solution. 

Discussion 


The observation that wool fibers contract rapidly 
solutions Br, dilute (Figure appears 
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supercontraction nitrated LiBr, 8.1) and iodi- 
nated LiBr 8.0) Corriedale 56’s fibers. 
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the first record the supercontraction wool 
Whewell and Woods 


were unable obtain supercontraction wool 


fibers halogen solutions. 


fibers concentrated solutions Cl, carbon 


tetrachloride acidified solutions sodium 
hypochlorite even the boiling point. they sug- 
gest, experiments with Cl, solutions under wider 
range conditions may prove successful. 

The peptide material which extracted from 
wool acid solutions normally relatively low 
cystine content [3, and the residues are cor- 
respondingly enriched cystine. Analysis the 
residual wool after supercontraction solution 
bromine dilute the other hand, showed 
This 
suggests that oxidative rupture disulfide bonds 
has peracetic acid causes similar super- 
contraction the cold [1]. 


smaller cystine content than untreated wool. 


considerable amount evidence has been ac- 
cumulated indicate that supercontraction wool 
involves change from aligned arrangement 
protein molecules elastomeric form. The rate 
such configurational change could conceivably 
influenced number factors such ionic 
interactions, over-all charge, solvation, swelling 
the protein, but these would not necessarily affect 
the equilibrium level contraction. 
manner, interchange reactions 
and disulfide groups could facilitate supercontraction. 

single mechanism can account for all the ef- 
fects Br, the supercontraction wool fibers 
solutions LiBr different values (Figures 
1-3). 
contraction wool fibers solutions Br, 
dilute (Figure suggest that the accelerating 
HCl (Figure and the similar effect the first 
How- 
ever, the retardation later stages contraction 
(Figure and the general retardation 
8-8.5 (Figure are unlikely result directly from 
disulfide other important side-chain groups 
the wool are almost certainly involved. 


The oxidation disulfide bonds 


rupture the disulfide bonds the wool. 


The data Table show that the sulfhydryl 


are eliminated early stage supercontraction 
10* Br, present and are greatly de- 
the other hand, 
retardation 


Figure indicates that maximum 
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supercontractions under these conditions occurs 
Br, concentrations between and The 
liquor-to-wool ratio for the supercontraction experi- 
ments depends the mass the individual fiber 
and was probably 50-100% greater than that used 
for investigating the decrease sulfhydryl content. 
Hence there close correspondence between the Br, 
concentration giving maximum retardation and that 
required reduce the sulfhydryl content unim- 
portant levels the first min. the experiment. 

Figure also shows that, with the supercon- 
traction wool aqueous phenol, treatment wool 
fibers with N-ethylmaleimide decrease the sulf- 
hydryl content about 70% caused 
tardation supercontraction 
The differences contraction rates be- 
tween untreated and fibers became 
less the concentration Br, the solutions was 
conversely, the retardation due the 
presence Br, the contracting solutions was 
lessened pretreatment with With 
Br, the solutions the supercontraction 
both untreated and fibers was accel- 
erated and the contraction kinetics were identical. 
This experiment provides evidence that NEMI and 
Br, react the same site the wool proteins and, 
since pretreatment with NEMI has effect when 
sulfhydryl groups are eliminated Br,, that the 
does not modify the rate contraction 


solutions LiBr 


forming hydrogen bonds sterically 
with other groups the proteins. 

Further support for the view that interchange re- 
actions between sulfhydryl and disulfide groups facili- 
tate supercontraction solutions LiBr 
vided the observations that the rate contraction 
treatment (Figure and that partial conversion 
disulfide groups sulfhydryl and groups 
HCl (Figure 7). Sanger al. [11] have found 
that interchange reactions between sulfhydryl and 
disulfide groups occur most rapidly high and 
that the reaction practically ceases dilute acid. 
The more general retardation supercontraction 
may partly attributable this fact. However, 
effects will determined also the distribution 
the added bromine between the free halogen, the 
tribromide ion, and hypobromite other prod- 
ucts the reaction Br, with water. The decrease 
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color the solution the changes from 
suggests that considerable proportion the 
added Br, converted hypobromite the higher 
pH. This may account for the smaller decrease 
caused particular Br, concentration the LiBr 
solutions used for supercontraction and for the 
greater concentration Br, required give mini- 
mum contraction rates compared with 

The absence any effect Br, the rate 
supercontraction fibers which the disulfide 
bonds have been replaced S-methyl groups 
S—CH,—CH,—S groups (Figure suggests that 
disulfide bonds well sulfhydryl groups are 
involved the reaction which affected the 
presence Br, the LiBr solutions. This provides 
further strong evidence for the interchange reaction. 
The effects these pretreatments the form 
the rate curves will discussed elsewhere. 

The observation that iodate retards supercontrac- 
tion aqueous phenol much the same way Br, 
affects contractions LiBr solutions supports the 
view that the retardation not specific effect 
Br, but related its oxidative reactions with the 
fiber proteins. 

Although there strong evidence that interchange 
between sulfhydryl and disulfide groups facilitates 
supercontraction, not suggested that interchange 
prerequisite for supercontraction. Thus fibers 
which some 60% the disulfide bonds have been 
oxidized during iodination, largely intermediate 
oxidation products such thiosulfinate thiosul- 
fonate linkages, will supercontract the same level 
untreated fibers conditions supercontraction 
are suitably adjusted. 

Haly, Feughelman, and Griffith have sug- 
gested that retardation supercontraction Br, 
the result its reaction with the tyrosine residues 
the wool. However, nitrated fibers show the 


typical retardation Br, (Figure yet under the 
conditions for nitration these fibers 94% the 
tyrosine residues had already been nitrated [3]. 
Less than 40% the sulfhydryl groups 
than 26% the disulfide groups had been oxidized 
this treatment. the other hand, the kinetics 
supercontraction iodinated wool were unaffected 
the presence Br, the LiBr solutions. 
tion involves the oxidation about 60% the 
disulfide groups, 40% the sulfhydryl groups, and 
the substitution about 90-95% the tyrosine 
residues [5]. most improbable therefore that 
substitution the tyrosine residues responsible 
for the retardation supercontraction 
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The Relationship Between Cotton Fiber 
Development and Fiber Properties 


Lyle Hessler 


Textile Research Laboratories, Cotton Research Committee Texas, Texas Technological College, 
Lubbock, Texas 


Upland cotton may have variety 
fiber properties based slow rapid develop- 
ment and environmental conditions which hasten 
slow down growth. Conditions which slow down 
fiber development produce less order the laying 
down cellulose structure and, result, fiber 
properties will altered. 

Very little known about the use value under- 
developed cottons. These cottons 
weaker, finer, and therefore less desirable for yarn 
manufacture. Chemical properties these cottons 
indicate more amorphous cellulose and consequently 
looser structure. Thus, the adsorption properties 
and the fiber reactivity will greater [5]. the 
treatment cottons for new uses, up-to-date 
edge chemical treatment cellulose fibers may 
prove definitely advantageous. 


effort has been made this study show the 
relationship between properties cotton fiber 
different degrees development, and, possible, 
add information the use value such cotton. 


Materials and Methods 


Eighteen strains cotton with wide variation 
properties and growth habit were grown near Lub- 
bock, Texas, was used normal 
amounts provide ample water for the crop. 
Samples were collected from bolls set prior August 
20th and from bolls produced from flowers after 
August 20th. 

Physical properties were determined accepted 
methods and the tests were made under standard 
conditions temperature humidity. 
Fiber length was measured the Fibrograph, 


TABLE Dimensional Properties Eighteen Strains Cotton Fiber from Early and Late Cotton 


Shape factor Diameter, Area, Perimeter, Wall thickness, 

Early Late Early Late Early Late Early Late Early Late 
12.4 120.6 38.3 62.8 4.26 3.34 

13.1 17.6 134.4 40.8 55.2 4.08 3.24 

13.1 16.3 134.4 208.2 41.3 4.11 3.28 

13.1 19.0 134.4 283.4 41.2 59.7 3.94 3.40 

12.2 17.5 116.8 240.2 38.4 55.0 3.67 

12.7 16.3 126.5 208.2 39.9 3.12 

13.3 19.7 138.7 304.9 41.7 61.9 3.81 2.80 

12.4 14.7 120.6 169.5 39.0 46.3 3.56 3.18 

16.2 16.5 205.8 213.5 51.0 51.8 4.48 3.04 
13.2 16.9 136.5 224.4 41.6 50.3 3.42 3.18 
15.7 15.5 193.2 188.4 49.2 48.9 3.61 3.23 
13.6 17.9 145.0 251.0 42.7 56.1 2.98 2.69 
14.7 19.7 169.5 304.9 46.2 61.9 3.10 2.80 
14.4 17.3 162.2 234.2 45.4 2.87 2.35 
14.8 15.4 171.7 185.9 48.4 2.81 3.06 
18.2 17.2 259.8 232.0 57.3 54.1 3.37 2.52 
15.4 17.1 185.9 48.5 53.6 2.64 2.56 
122 17.0 23.4 226.8 430.0 53.6 73.5 2.69 2.08 
Average 14.2 17.5 158.5 243.0 3.5 2.9 

Range 17-122 12.4-17.0 38-54 48-74 2.6-4.5 2.1-3.4 


Mean 14; Low High 36. 


. 
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strength tested the Pressley, and fineness deter- 
mined the The Arealometer was 
used obtain perimeter (diameter and area), ma- 
turity, immaturity shape factor, 
thickness [1]. Methods for determining chemical 
properties, cellulose, amorphous cellulose, dye ab- 
sorption, and moisture regain have been described 

The cut, swollen fiber technique for measuring 
fiber development has been explained elsewhere 


Results 

Dimensional, physical, and chemical properties for 
early- and late-season samples show relationship 
between fiber properties based fiber development 
(Tables Since the late cotton was grown 
under less favorable environmental conditions, the 
relationship between fiber development fiber 
properties was determined. The average and range 
are summarized for each type property. 

Dimensional properties related the fiber diam- 
eter increase from early- cotton, 
whereas wall thickness and length decrease (Table 
1). Although length included among the physical 
properties, because its association with strength 
and fineness the characterization cotton, length 


ratio, defined the ratio the area 
circle having the same perimeter average fiber the 
actual cross-sectional area the fiber 


also measures fiber size and must considered di- 
Shape factor (collapsibility) based 
Many shapes 


mensional. 
size and wall thickness the fiber. 
fiber are possible, since the data presented this 
study indicate that perimeter increases, wall thick- 
ness decreases. Based these criteria, cottons 
develop under adverse conditions (low temperature 
the fiber will tend become more ribbonlike. These 
properties which affect shape have not materially 
changed the strength the fiber (83.2 compared 
82.4; Table However, the change fiber 
shape will affect number properties, such 
friction, resilience, elasticity, etc. Since the fibers 
become more ribbonlike, fineness measurements will 
will show more less change fiber properties, 
depending upon the ability the plant develop 
and mature under adverse environment. 

The chemical properties showed that 
season cottons contain less cellulose and more 
amorphous cellulose. Adsorption properties, such 
moisture and dye adsorption, are greater for the 
late-season cottons. 

and late-season cotton for the eighteen 
varieties were combined determine correlation co- 


(Table IV). 


Cellulose was significantly negatively correlated with 


fiber properties 


TABLE Physical Properties Eighteen Strains Cotton Fiber from Early and Late Harvesting 


UHM, length in. Strength, psi 1000 


Strain Early Late Early Late 

1.00 81.4 78.9 

2 1.00 94 90.2 81.1 

1.04 1.00 78.0 84.9 

1.12 82.7 78.4 

1.12 1.05 79.5 

1.11 1.06 87.3 82.0 

1.14 89.5 90.6 

9 1.00 1.03 83.4 85.4 

1.01 .96 81.1 85.8 

1.18 1.10 82.2 81.6 

1.12 1.08 78.0 79.4 

1.13 1.12 81.4 77.7 

1.22 1.20 91.4 86.6 

1.07 1.03 81.1 82.2 

1.14 1.05 76.6 80.0 

1.13 1.05 76.0 79.5 

Average 1.08 1.03 83.2 82.4 


Arealometer 
maturity, 


Fineness, 


Micronaire Immaturity ratio 


Early Late Early Late Early Late 
5.0 4.6 100 1.10 1.76 
5.7 4.2 100 8&3 1.16 1.66 
6.0 5.0 100 87 1.16 1.55 
5.6 4.8 1.19 1.70 
3.5 1.19 2.20 
5.4 4.4 1.19 1.62 
5.3 4.4 1.22 1.68 
5.0 4.6 1.22 1.48 
6.0 5.0 1.25 1.66 
5.0 4.8 1.30 1.57 
4.8 1.41 1.52 
4.5 3.6 1.46 1.95 
4.5 3.9 1.50 2.05 
4.0 3.6 1.57 2.13 
4.2 4.0 1.62 1.57 
4.6 4.0 1.66 2.00 
4.1 3.6 1.76 2.07 
3.9 2.6 1.88 3.09 
5.0 4.1 1.38 1.93 


fiber with high cellulose content will also highly 
crystalline. Cellulose correlations did not reach high 
significance with adsorption properties 
proached significance the level. Amorphous 
cellulose was significantly correlated with adsorption 
properties the level. Thus, the higher the 
amorphous cellulose, the more dye and moisture will 
absorbed. Since amorphous cellulose content 
fiber the result underdevelopment, several 
physical properties show significant correlations with 
this chemical property. The significant correlation 
between amorphous cellulose and wall thickness 
negative. Therefore, thin-walled underdeveloped 
cotton will more amorphous. significant nega- 


Fig. Cut, swollen fibers underdeveloped cotton 
40) showing extreme variation. 
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tive correlation between amorphous 
Micronaire fineness substantiates this fiber structure 
characteristic. high positive correlation between 
dye and moisture absorption suggests that absorption 
properties will function the same manner with 
structure differences. 

number physical properties were highly cor- 
related (Table Length fiber was not corre- 
lated with any the properties how- 
ever, the negative correlations indicated that long 
fibers may generally have lower dimensional proper- 
ties. Strength was correlated with several dimen- 
sional properties. Strength was significantly corre- 
lated with shape factor. Since the correlation 
negative, the correlation means 
fiber will stronger; other words, fiber with 
little tendency collapse will stronger. Although 
wall thickness and strength just missed being corre- 
lated the level, the positive correlation the 
level confirms the correlation with strength and 
shape factor. Therefore, strength associated with 
well-developed, thick-walled fibers. 
negatively correlated with strength, which indicates 
that, generally, low-perimeter 
stronger. high positive correlation between 
strength and fineness adds significance the other 
correlations between strength and dimensional prop- 
erties. Fineness fiber negatively correlated 
with perimeter and shape factor the level, 


TABLE The Chemical Properties Eighteen Strains Cotton Fiber from Early and Late Harvesting 


Cellulose, 


Amorphous cellulose, 


Moisture regain, Dye absorption, 


Strain Early Late Early Late Early Late Early Late 

1 93.6 91.0 12.00 13.42 6.9 7.5 74 1.09 

93.3 93.4 11.30 13.20 6.7 1.27 

96.6 94.3 10.46 10.23 7.0 7.6 1.18 

93.0 96.4 12.16 11.93 7.0 7.6 1.19 

96.0 90.9 10.90 13.33 7.1 7.8 1.03 1.50 

94.0 92.3 10.71 11.59 6.9 8.0 1.30 

7 96.2 93.4 10.48 11.23 6.9 7.7 .80 1.10 

92.5 94.9 13.33 13.20 7.4 1.04 1.27 

95.1 90.3 12.68 12.30 7.1 7.9 1.23 

94.2 94.3 11.10 11.94 7.5 1.21 

94.6 90.7 10.48 14.05 6.9 7.9 1.12 

93.2 95.0 11.47 11.32 7.1 7.8 1.05 1.40 

13 96.5 93.1 12.35 13.63 6.9 7.7 1.09 1.50 

93.0 92.4 12.82 14.62 7.2 7.8 1.40 

93.7 94.0 13.00 12.17 7.2 1.04 1.22 

92.1 92.5 10.49 11.82 7.5 1.29 

95.1 95.8 11.97 12.25 7.2 7.8 1.38 

93.0 92.2 11.70 15.10 7.0 1.10 1.56 

Average 94.2 93.3 11.6 12.6 7.0 7.7 
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whereas wall thickness and fineness are correlated vegetative growth are some the plant physi- 
positively the level. Wall thickness was cor- ology problems that enter into fiber development. 


related perimeter the level. Thus, may important short-season low- 
perimeter, fully-developed cotton will generally have areas. Some cottons are able develop 
better chance being coarse (Tables and rapidly once the bolls are set others may have long 


wide variation fiber types possible development period, especially under adverse 
developed cotton (Figure 1). The ballooned determinate cotton will set large 
are fully developed. mature cotton would have bolls and mature the fiber rapidly. Con- 


considerably less variation versely, indeterminate cotton sets fewer bolls 
and matures the fiber slower. 
Discussion Working for rapid slow development can pro- 


order understand fiber properties, knowl- large number environmental factors which 
edge the physiology the cotton plant essential. may affect maturity and the properties cotton fiber. 
Varieties cotton vary their fruiting habits, Temperature one the greatest restraints fiber 
which turn will affect fiber development. and consequently plays important 
role the ultimate properties the fiber 


ness fruiting, fruiting load, and the ratio fruit 


TABLE IV. Correlation between Chemical Properties, Physical Properties, and the Relation 
between Chemical and Physical Properties Cotton Fiber 


value 


0.01 
0.05 2.02 


Cotton fiber variates 
coefficient, 


Length Perimeter 1.20 
Length Shape factor 0.00 
Length Strength +0.08 
Length Wall thickness —0.24 1.45 
Length Fineness, Micronaire 1.86 


Strength Fineness, Micronaire 7.46 
Strength Perimeter —0.35* 
Strength Shape factor 2.94 
Strength Wall thickness +0.41* 2.62 


Fineness, Micronaire Perimeter 4.90 
Fineness, Micronaire Shape factor 6.70 
Fineness, Micronaire Wall thickness 6.70 


Perimeter 


Wall thickness 


Cellulose Dye absorption —0.30 1.83 
Cellulose Amorphous cellulose 3.12 
Cellulose Moisture regain 1.97 


Amorphous cellulose Dye absorption 4.06 
Amorphous cellulose Moisture regain 2.80 
Amorphous cellulose Strength —0.23 1.38 
Amorphous cellulose Wall thickness 3.06 
Amorphous cellulose Fineness, Micronaire 3.70 
Amorphous cellulose Perimeter +0.28 1.71 


Moisture regain Fineness, Micronaire 
Moisture regain Wall thickness 4.49 


Dye absorption Moisture 8.40 
Dye absorption Wall thickness 8.00 
Dye absorption Fineness, Micronaire 8.00 


Significant the level. 
Significant the level. 


| 
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vironmental factors such water, nutrition, and soil 
type can change the fruiting—vegetative balance and 
affect the development cotton increasing de- 
mally does not develop fiber rapidly. 

For rapid fiber development, optimum balance 
between number environmental factors neces- 
sary. The rate cellulose synthesis important 
the structure cotton fiber, and the fiber properties 
lulose negatively correlated with amorphous cel- 
lulose (Table IV). Amorphous cellulose controls 
the extent adsorption properties (dye and mois- 
ture) confirming fiber structure differences. Amor- 
phous cellulose varies with fiber development there- 
fore, physical properties (wall thickness 
fineness) are related fiber structure and develop- 
ment characteristics cotton. negative correla- 
tion between adsorption properties physical 
properties (fineness and wall thickness) adds 
understanding the interrelation between chemical 
and physical properties influenced fiber de- 
velopment. Moreover, anything less than optimum 
fiber development under varying environmental con- 
ditions can conceivably result innumerable types 
fiber structure. Different rates cellulose syn- 
thesis can lead large small crystallites, long 
short cellulose chain lengths, wide and narrow spiral 
structures, and widely different ratios one type 
structure the other. the fiber develops, there 
can different structure from the first deposited 
cellulose the last different lamellae are laid 
different 
Further, different types cotton will affect structure 
depending the determinancy the 


environmental conditions. 


Physical and dimensional properties are function 
cotton fiber development. How these properties 
are related each other and their structural rela- 
Length appears 
largely varietal relationship, since none the 


tionship shown Table IV. 


fiber properties was significantly correlated with it. 
The length difference in. (Table between 
early- and late-season cotton may due structural 
Since the late 
cottons are more amorphous, they contract 


changes caused underdevelopment. 


being thinner-walled, they may tend convolute 
more and become shorter drying. Strength was 
correlated with fineness, perimeter, shape factor, and 
wall thickness, showing its dependence fiber de- 


velopment and fiber structure. this study, the 
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more highly-developed cottons were the strongest, 
implying that fast-developing cottons with high crys- 
tallinity, low spiral angle, and long chain length are 
more likely strong. Environmental conditions 
which result changing rate cellulose synthesis 
produce loose-structured cottons cause these cot- 
tons have little chance strong. These cottons 
will highly amorphous, have high spiral angle, 
and have short cellulose chains. Fiber development, 
addition variety, has much with dimen- 
sional properties, shown significant correlations 
between fineness and perimeter, shape factor, wall 
thickness. Chemical structure and dimensional prop- 
erties will govern the physical behavior cotton, 
such rigidity, elasticity, elongation, and many 
the other so-called stress 
Therefore, behavior cotton textile manufacture 
due largely fiber development 

The information physical 
properties adds information fiber development 
under adverse environmental conditions (Tables 
and The fiber cell shows expansion from early- 
late-season cotton, shown the dimensional 
properties (Table and wall thickness decrease. 
Physical properties also decrease, showing under- 
development (Table II). The knowledge the 
extent these differences between early- and late- 
season cotton may helpful the search for types 
cotton which can better withstand adverse environ- 
mental conditions. 

Summary 


strains cotton with widely different 
fiber properties were harvested give early- and 
late-season samples. Dimensional, physical, and 
significant 


correlation coefficient between many the fiber 


chemical properties were determined. 


properties shows the relationship these properties 
influenced environmental conditions. Many 
the chemical and physical properties are function 
cellulose synthesis rate, therefore are based the 
structure the fiber. Since fiber structure largely 
function environment, wide range properties 
The development the fiber under ad- 
verse environmental conditions shown 
properties early- and late-season cotton may offer 
information the best variety for given area. 


possible. 
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Blending Cottons Differing Fiber Bundle 
Break Elongation 


Part Effect the Properties Combed Single Yarns 


Gain Louis, Louis Fiori, and Jack Sands 


Southern Regional Research New Orleans, Louisiana 


Abstract 


Two long staple cottons, differing fiber bundle break elongation but having other 
pertinent fiber properties substantially equal, were blended different percentages 
permit study the effects break-elongation yarn properties 


efficiency. 


Yarn strength and elongation were affected fiber elongation, with fibers having 


the highest fiber elongation exerting the greatest influence. 


Furthermore, nep formation 


increased linearly the percentage higher elongation cotton increased the blend, 
indicating that neps are directly influenced average fiber stiffness. 

was also found that yarn toughness index correlated closely with yarn impact data, 
thus suggesting its possible substitution for yarn impact data. 

The inconsistency end breakage the warp and filling yarns during spinning 
offered conclusive evidence the relative spinnability the cottons and cotton 


blends investigated. 


Introduction 


Cotton fibers are now subjected greater dy- 
namic forces processing than ever before because 
increased machine speeds and use larger pack- 
ages. The energy-absorptive properties cotton 
fibers such fiber elasticity, which are generally 
conceded contribute processing efficiency and 
yarn quality, will become increasingly important 
spinning speeds and ring sizes are increased. 

Many early attempts were made identify the 
factors which influence the elastic properties tex- 

the laboratories the Southern Utilization Re- 
search and Development Division, Agricultural Research 
Service, United State Department Agriculture, New Or- 
leans, Louisiana. 


tile fibers [4, 13, More recently efforts have 
been directed toward correlating fiber tenacity and 
elongation with mechanical processing characteristics 
and with product quality [10, 11, 14, 16, 21}. 

One the factors delaying the determination 
the effect fiber elongation and tenacity product 
quality and processing efficiency has been overcome 
recently through the development the Stelometer 
nized, along with fiber tenacity and fineness, an- 
other criterion for evaluating processing performance 


result, fiber elongation being recog- 


Use company and/or product named the Depart- 
ment does not imply approval recommendation the 
product the exclusion others which may also 
suitable. 


has been reported that when synthetic and 
natural fibers differing appreciably elongation are 
blended, the resultant tenacity the yarns de- 
pendent the tenacity the fibers lowest elonga- 
tion. 
differ appreciably breaking elongation [9] and 
blending cotton fibers different properties 


This significant, since cotton fibers also 


economic necessity the cotton textile industry. 
Whatever the purpose blending, important 
know whether cotton fibers differing appreciably 
elongation can blended successfully without the 
detrimental effects quality noted for the man-made 
fibers. report presents information 
effects cotton fiber bundle break elongation 
product quality and spinning efficiency. The elonga- 
tion break fiber bundles and single yarns will 
henceforth referred “elongation.” 


Materials and Methods 


this investigation, low-elongation (Strain 
#330) and high-elongation (Pima cotton 
were used. These cottons were processed individu- 
and making total five lots. The 
100% Strain #330 and 100% Pima were used 
controls. The processing behavior and yarn prop- 
erties these lots were compared and 
Table these lots are designated according the 
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percent blend, with the first and last figures denoting 
percentage Strain #330 and Pima whereas 
the rest the tables and graphs each these lots 
designated its card sliver fiber elongation value 
(7.1, 7.8, 8.5, 10.0, and 12.3). 


Blending Procedure 

The blends were made the finishing picker. 
Laps equal weights the two cottons were made 
the breaker picker. For the 75%/25% blends, 
three laps one cotton and one the other were 
processed through the finisher picker. Similarly, 
for the blends, two laps each cotton 
This technique provided homo- 
geneous mixing the cottons the blend. The 
fiber properties Table were obtained from the 


were blended. 


finishing picker laps which all common properties 
can measured. should noted that the Pima 
was slightly finer and little stronger. The 
small difference fiber strength even less evident 
according fiber data (Strain #330, 26.7 
g./tex; Pima S-1, 27.9 g./tex) when tested the 
gauge length. 


Processing Procedure 


Five lots cottons with different 
centages high and low elongation cottons were 
processed through the conventional opening and 


TABLE Fiber Property Summary* 


100% Strain 


Fiber property 330 
Grade 
Length: 
Classer, in. 
Suter-Webb 
UQL, in. 1.35 
Mean, in. 1.12 
Fineness 
Suter-Webb 3.9 
Maturity 
Sodium hydroxide method, 
Strength 
Stelometer in. gauge, g./tex 26.4 
Elongation 
Stelometer in. gauge, 7.2 


Measurements made Picker Laps. 


Cottons 
100% Pima 

25%-75% S-1 

1,32 1.35 1.34 

1.10 1.13 1.14 

3.7 3.7 3.7 3.6 

26.0 26.0 27.1 30.0 
8.8 9.5 11.1 


45 
= 


\ 
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laps. These laps were carded producing 
about gr./yd. sliver. Nep counts were made 
the template method min. and hr. 
after each stripping cycles across the left, middle, 
and right positions the card webs. Card slivers 
were drawn with sliver laps were made 
with ends and fed into the 8-head comber, 
whose comber noil mechanism setting remained un- 
changed during the combing the lots. The 
comber slivers were then drawn again with doub- 
lings produce approximately gr./yd. sliver. 

small portion this sliver from each lot was 
processed into 18/1 (32 tex), 36/1 (16 tex), and 
72/1 tex) yarns with twist multipliers starting 
with 3.0 and increasing increments 0.5. The 
18/1 (32 tex) and 36/1 (16 tex) yarns were spun 
from 1.5 hank roving while the 72/1 tex) was 
spun from 3.0 hank roving. The rovings were 
single creels. The remaining sliver each lot was 
processed into 3.0 hank roving and 
tributed onto 216 bobbins for spinning 60/1 (10 
tex) warp and filling yarns having twist multipliers 
4.0 and 3.5, respectively, then woven into broad- 
cloth, 

large scale spinning ends down test was incorpo- 
rated while spinning the warp yarns 
(60/1, tex) each lot with the following spinning 
specifications 


72-spindle Saco-Lowell SS-2 spinning frame 

Ring diameter in., spindle rpm 9200, traveler 
size 15/0 

Single creel roving 

Spinning time: warp—5700 spindle hr, filling 
—2340 spindle hr. 

Twist warp—4.0, filling—3.5 


Testing Procedure 


Fiber strength and elongation values were obtained 
the Stelometer [15, 20] gauge length. 
All other fiber property measurements were deter- 
mined methods prescribed ASTM 
were obtained from the automatic Uster Single 
Strand Yarn impact tests were made 
the Goodbrand Ballistics Tester* [6] 
in.-lb. capacity. The yarns were also graded for 
their appearances against ASTM standards 
Yarn uniformity was measured the Uster Even- 


ness Tester? Coefficients variation elon- 
gation values the three yarn numbers maximum 
strength were computed after counting and grouping 
elongation bars drawn the Uster Single Strand 
Tester. The values elongation coefficients 
variation presented herein are taken with the 
reservation that the amount groupings cells 
from which these values were calculated was limited 
narrower range than that recommended 
ASTM 
Analysis Data 


Distribution 


While there was significant difference between 
the values the coefficients variation fiber 
length distributions the two cottons (30% for 
Strain #330 and 25% for Pima S-1), the difference 
was practically eliminated combing, since analyses 
comber slivers showed comparable values 21% 
and 20%, closeness variation 
fiber length the combed slivers was probably due 
maintaining the same comber settings and allow- 
ing comber noil percentages vary from 14.8% 
for the Strain #330 12.2% for the Pima 
Therefore, most the difference elongation ex- 
hibited yarns spun from the combed slivers 
these two cottons can attributed fiber elongation 
characteristics. 


Fiber Elongation 


Figure shows that the fiber elongation values 
the blends are not linearly related the percentages 
each constituent cotton the blend, but are lower 
than the arithmetic averages, indicated the 


ELONGATION (8) 


FIBER 


Strain #330 100% 75% 50% 25% 
Pima S-1 0 25% 50% 758 100% 
corrTrons 


Fig. Relationship between fiber elongation and percent 
constituent cottons the blend. 


| 
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dotted lines. The curvilinear relationship between 
fiber elongation and percent blends more ob- 
vious for the card sliver than for the picker lap fiber 
data. 


Nep Formation 


The trends nep formation (neps per grain) 
taken min. and hr. after the stripping cycle were 
not the same, but both trends were upward, 
shown Figure However, the nep counts taken 
after hr. carding indicated that the numbers 
neps the high and low elongation cottons and the 
intermediate blends are roughly direct propor- 
tion the percentage Pima the blend; 
that is, neps increase the percentage the higher 
elongation Pima cotton was increased the 
blend. significant that average fiber stiffness 
can used another criterion for predicting 
the nepping characteristics cottons. Fibers with 
similar fiber tenacity but higher elongation are less 
stiff and tend nep more easily than fibers with 
lower elongation. This relationship shown 
the dotted line Figure Average stiffness values 
were calculated from card sliver data and confirms 
data first reported Meulemeester al. [12] 
the possible effect average fiber stiffness 
nep formation. 


BASIS: MINUTES AFTER EACH 


z 
a STRIPPING CYCLE 
Ww 
a 
4 
BASIS:4 HOURS AFTER EACH 
STRIPPING CYCLE 
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STIFFNESS 
a a 
w 
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Fig. Effect blending cottons differing 
elongation nep formation. 
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TABLE Effect Blending Cottons Differing Fiber 
Elongation Yarn Strength (Single Strand) 


Yarn number strength, oz.* 


Fiber 18/1 36/1 72/1 


elongationt (32 tex) (16 tex) tex) 
7.1 467 426 352 
7.8 472 420 356 
8.5 482 430 371 
10.0 490 434 373 
12.3 526 412 


made based maximum strength 4.0 
twist multiplier. 
Measurements made card slivers. 


Single Yarn Properties 


general, yarns spun from the controls and the 
three blends required the same amount twist 
obtain maximum strength. Maximum strengths 
skein and single strand these yarns were obtained 
with twist multipliers 3.5 and 4.0, respectively. 
Throughout this report, yarns skein single 
strand forms will compared only these twist 
multiplier levels. Further yarn properties are ana- 
lyzed follows. 

Maximum single strand strength. 
cance differences between means was also applied 
analyze the single strand yarn strength data re- 
ported Table Results show the existence 
significant differences between 18/1 (32 tex) yarns 
spun from cottons having fiber elongations 7.8 
and 8.5 and highly significant differences between 
and 10.0 and 10.0 and 12.3, whereas the finer 
yarns showed significant differences 
tween cottons 10.0 and 12.3, which case the 
differences were highly significant. 

Single strand strength and yarn The 
slopes the twist-elongation regression lines (visu- 
ally fitted) Figure are about equal within each 
yarn number over the complete range fiber elonga- 
tion values. This indicates that the rate increase 
yarn elongation with changes twist about the 
same regardless the fiber elongation the cotton. 
However, important that the small differences 
fiber elongation noted Table (roughly about 
are transformed into differences yarn elonga- 
tion. Through the entire range twist the yarn 
elongation was increased about for each cotton, 
shown the dotted line Figure could 
further noted that 72/1 tex) yarns the dif- 
ference between the two cottons yarn elongation 
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(at any T.M.) greater than the effect twist 
from 3.0 T.M. 6.0 T.M. for either cotton. Also, 
these data clearly demonstrate that selecting the 
proper combination spinning twist multipliers 
and fiber elongations, two yarn sizes differing 
great two-to-one ratio, such 36/1 (16 tex) 
yarn versus 72/1 tex) yarn, could have about 
equal yarn i.e., the control, 100% Strain 
#330 spun into 36/1 (16 tex) yarn has about the 
same elongation the blend spun into 
the 72/1 tex) yarn. 

Although these two lots may have the same bundle 
strength only one gauge length in.), the yarns 
were spun over wide range twists, that 
very probable that the effective grip length the 


yarns certain twist the same the gauge 
length the bundle test. Since the Pima yarn 
was stronger all sizes and twists, was apparent 
that some factor besides fiber strength responsible. 
There good evidence, therefore, that the high- 
elongation Pima S-1 fiber with its slightly higher 
fiber strength responsible for this higher yarn 
strength. 

Furthermore, when line drawn between the 
maximum strengths the low- and high-elongation 
lots (Figure 3B), can readily seen that the 
maximum yarn strengths the blends all fall below 
this line. This showed that blends two cottons 
unequal fiber elongation will give lower yarn 
strength than would predicted simple ratio, 
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and elongation (single strand). 
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N NUMBER X STRENGTH 


although the reduction not great that ob- 


lar observations will noted with respect yarn 


elongations. 


Variations yarn elongation. There evidence 
that the variability yarn elongation criti- 


cal determinant processing efficiency, was 


considered important study the relationships be- 


tween yarn elongation variability various levels 


elongation. 
The graphs Figure indicate that the vari- 


ability yarn elongation the 36/1 (16 tex) and 


72/1 tex) yarns increased with decreasing yarn 


elongation (A), yarn tenacity (B), and yarn tough- 


ness index (C) and that the rate increase was 


greater with the finer yarn, indicated the greater 


slope. This observation completely reversed with 
the 18/1 (32 tex) yarn. 
linear within each yarn number, while the over-all 


These relationships are 


trend curvilinear nature. The relationship be- 


tween the variability yarn elongation and average 


yarn stiffness, Figure 4D, opposite that which 


was observed for the yarn strength elongation and 


toughness data. 
Yarn impact data. 


Although yarn impact and 


yarn toughness are the ability the yarn 


absorb work, they possess different bases in- 


pounds and obtained directly from the Goodbrand 


Ballistics Tester, while the latter merely cal- 
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FIBER BUNDLE BREAK ELONGATION 
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culated value (half the product yarn tenacity and 
percent elongation) and expressed relative in- 
dex [18]. 
tween 


Figure shows close correlation be- 
yarn impact and yarn toughness index 
evidenced the over- 
0.96 for all three 

Yarn 


all coefficient correlation 
yarns. 

appearance and Apparently 
fiber elongation has little effect yarn appear- 
ance, 


since only small differences were noted within 
each yarn number (Table III). 
tween differences nep formation and similarity 


yarn appearance may explained the low level 
nep formation for the cottons studied the 
neutralizing effect combing. Analysis the Uster 
uniformity data showed that the 8.5% 
blend) fiber elongation cotton had slightly higher 
coefficients variation for the 18/1 (32 tex), 36/1 
(16 tex), and 72/1 tex) yarns, but the trend was 
not substantiated the 
variation. 

Effects post-spinning operations warp and 
filling yarn properties. illustrate 
differences expected the yarn strength and 
elongation and filling yarns they are trans- 


yarn number coefficients 


Figures and 


ferred from the spinning bobbins into forms suitable 
for weaving. curvilinear relationship was found 
(Figure between warp and filling yarn strengths 
when the yarns were compared the bobbin stage, 
whereas linear relationship was noted when these 
same yarns were compared after sizing and quilling 


operations. contrast, these relationships were 


YARN BREAK ELONGATION (%) 


100 


10. 36/ 
a. e 
6.0 


YARN BREAK ELONGATION COEFFICIENT VARIATION (%) 
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Effect Blending Cottons Differing Fiber 
Elongation the Appearance Single Yarns 


Yarn grade 


Fiber 18/1 36/1 72/1 
elongation* (32 tex) (16 tex) tex) 
7.1 
7.8 
8.5 
10.0 
12.3 


Measurements made card slivers. 


Effect Blending Cottons Differing Fiber 
Elongation End Breakage Spinning 


Ends down 


Fiber 

elonga- Warp* Fillingt 

tion Slubs Total Slubs Total 


yarn, 4.0 twist multiplier, 5694 spindle 

60/1 yarn, 3.5 twist multiplier, 2340 spindle hr. /lot. 

Ends down due lashes, broken travelers, roving break- 
ages, unknown causes, etc. 


completely reversed when warp and 
elongations were considered, shown Figure 
significant that when two cottons which vary 
extremely fiber elongation are blended, elongation 
the resulting yarns relatively unstable, shown 


Fig. Relationships between 
yarn elongation coefficient 
ation and single strand strength, 

yarn elongation, yarn toughness in- 
dex, and average yarn stiffness for 
cottons differing fiber elongation 
(basis: 18/1, 36/1, 72/1, 4.0 
twist multiplier). 


gm/tex 


TOUGHNESS INDEX ELONGATION) AVERAGE YARN STIFFNESS ELONG. 
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“Fi 
YARN NUMBER 
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the departure from linearity the quilled filling 
and sized warp curve Figure elongation 
properties all the blends are lower than either 
the 100% control cottons. 
lation these findings with actual fabric breaking 
strength and elongation—warpwise and fillingwise— 
should prove interesting and will included 
later report this general area work. 


The degree corre- 


Yarn Spinning Performance Terms Ends Down 


Table that the high-elongation cotton 
has more total ends down spinning than the low- 
elongation cotton. Ends down caused slubs are 
also listed because they constitute major portion 
the total end breakages and are easy detect. 
slubs are not present the roving, the ends 
down the 12.3 lot are close the 7.1 lot—par- 
ticularly the filling yarns. Since slubs are in- 
herent property the roving and the sliver from 
which the roving produced, fitting specu- 
late some the comparative causes the slub 
formation these two cottons. First, these cottons 
were combed under practically identical atmospheric 
therefore the relative humidity which 
suited the Strain #330 cotton might have been too 
humid for the Pima [7]. Consequently, minor 
roll could have occurred and 
caused lumps the combed sliver. Also, average 
fiber stiffness might have influenced the combing per- 
formance cotton. Strain #330 stiffer fiber 
than the Pima and therefore does not yield 


TOUGHNESS INDEX ELONGATION 


YARN IMPACT 


Fig. Relations between yarn impact properties and 
toughness index (basis: 18/1, 36/1, and 72/1 yarns 3.5 
twist multiplier). 


readily the back-and-forth movement the comb, 
while the Pima S-1 bends with the oscillation 
the comb. Therefore, fiber entanglement occurred 
the web due bending while the comb mo- 


FIBER BUNOLE BREAK 
ELONGATION 
7.1% 
= — 7.86% 
-10.0% 


FILLING BOBBIN 
WARP 


WARP YARN NUMBER STRENGTH 


360 370 380 390 400 420 430 
FILLING: YARN NUMBER STRENGTH 


Fig. Effect post-spinning operations warp and 
filling yarn strength for fibers differing elongation 
60/1, 4.0, and 3.5 twist multipliers). 
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ELONGATION 


FILLING BOBBIN vs. 
WARP BOBBIN 


QUILLED FILLING 
4 


WARP YARN BREAK ELONGATION 


FILLING YARN BREAK ELONGATION (%) 


Fig. Effect post-spinning operations warp and 
filling yarn elongation for fibers differing fiber elongation 
(basis: 60/1 yarn, 4.0 and 3.5 twist multipliers). 


| 

43 

420 

400 

of 

390 

WARP 

370) 

360 

0 4 

7.8% 

85% 

100% 

- | 


tion, could cause the fiber(s) caught the 
teeth the comb, subsequently forming lump until 
big enough pulled away through friction 
the adjacent fibers. These 
appear the roving slubs and cause end breakage. 

Furthermore, 60/1 (10 tex) yarn was very 
coarse yarn use evaluating the spinning ef- 
ficiency fiber length in.; consequently, 
these cottons might not have been evaluated their 
utmost spinnability. Spinning higher yarn num- 
ber might have resulted completely different 
trend. 


Discussion Results 


The results obtained this investigation indicate 
that the tenacity and elongation properties single 
yarns are related directly the fiber elongation 
the cottons from which they are spun. Therefore, 
cotton yarns selected tenacity and elongation can 
pre properly blending two more cot- 
tons different levels fiber elongation. Further- 
more, cotton products where flexibility and elonga- 
tion properties are needed, cotton fiber elongation 
becomes extremely important property. 

Larger gains yarn elongation can obtained 
from changes fiber elongation than from changes 
twist. Mills necessarily spin yarns maximum 
strength some selected twist. Increases yarn 
elongation, required, necessitate increases twist 
and consequent losses strength 
significant that improvements yarn elongation 
may obtained selecting cotton proper fiber 
elongation. 

The results obtained this investigation show 
that where cottons are about equal fiber maturity 
and differences nep formation occur, the effect 
due differences average fiber stiffness the 
cottons. Therefore, fiber tenacity and elongation 
become extremely important properties consider 
from breeding standpoint developing cotton 
strains for use products where neps are major 
importance. 

The close correlation between yarn impact meas- 
urement and calculated yarn toughness data suggests 
that possibly the latter may used substitute 
for yarn impact values breaking strength and 
elongation data are available. Since physical testing 
costly, possible substitution this type 
always desirable. 

Findings this study indicate that the variation 
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yarn elongation, technologically statistically, 
merits further investigation since the relationships 
shown between yarn tenacity and yarn elongation 
and elongation variability are not completely con- 
sistent over the range yarn numbers 
planation the observed phenomenon that fine yarns 
have higher elongation variability than coarse yarns 
beyond the scope this study. suggested 
that fiber breeders and manufacturers who deal with 
textile products where yarn elongation impor- 
tant property re-examine the probable implications 
yarn elongation 

yarns are processed from the spinning frame 
the loom, certain changes such physical proper- 
ties elongation, strength, and yarn number (prob- 
ably caused stresses the yarn and changes 
twist) occur. Therefore, the properties warp and 
filling yarns obtained from the sized warp 
wound filling quills rather than those yarns tested 
directly from spinning bobbins may more indica- 
tive the resultant fabric properties. 

The inconsistency end breakage during the 
spinning the warp and filling yarns offers con- 
clusive evidence the relative spinnability the 
cottons and blends investigated, and any further at- 
tempt explain the cause beyond the scope this 
paper. 

significant that different levels elongation 
cotton products may obtained limited extent 
selective blending cottons different elonga- 
tions, shown, without experiencing the difficulties 
reported for the man-made fibers where ex- 
tremes elongation properties blends are detri- 
mental. 
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The Absorption 


Disperse Dye Cellulose 


Acetate the Presence and Absence Butanol 
Elizabeth Teulings and Howard White, 


Textile Research Institute, Princeton, New Jersey 


Abstract 


The absorption Disperse Red secondary cellulose acetate yarn has been studied. 
The experiments were run such way that the dye was present true solution and 


the concentration dye remained constant during the absorption process. 


The solvents 


were water and water with various amounts butanol added; the temperature was con- 


trolled either 50° 65° 


Both rate and equilibrium measurements were made. 


The rate measurements were consistent with diffusion process having rate constant 


The action the butanol was complex. 


caused minimum the equilibrium 


uptake dye and the rate attainment equilibrium its concentration the 


dyebath increased. 


Possible reasons for this behavior are discussed. 


Either competition 


for absorption sites between dye and butanol complex formation the dyebath are 
advanced possible reasons for the initial decrease; swelling with increased accessi- 
bility advanced account for the increase after the minimum. 


Introduction 


Disperse dyes are commonly used systems 
which the aqueous phase contains dye particulate 
For this 
reason there some uncertainty interpreting the 


form (see, for example, Millson 


kinetics dyeing terms elementary processes. 

principle, the presence dye particles need 
cause difficulty. has been shown that the 
dyeing done dye molecules [10]; with ade- 
quate stirring, the concentration dissolved dye can 
kept uniform throughout the system and, par- 
ticular, the surface the fiber. the fiber-to- 
bath ratio sufficiently small and the dye highly 
dispersed, dyeing would take place from constantly 
saturated bath and the rate dyeing would reflect 
the rate diffusion dye through the polymer, 
barring any slow processes crossing the inter- 
face. (In the absence knowledge any such 
processes, they are ignored.) practice the rate 
dyeing strongly influenced the type dis- 
persion and the rate stirring, and the rate dis- 
solution dye slow. 

Majury [5] and Bird, Manchester, and Scott [2], 
using systems which provided rapid stirring, have 


Menlo 


Institute, 


address: Stanford Research 
Park, Palo Alto, California. 


measured the rate penetration permeation 
dye using finely ground dye and cellulose acetate 
film. Calculated diffusion coefficients fall 
range 

the work reported here, technique was de- 
vised whereby small samples yarn could dyed 
from effectively infinite bath molecularly dis- 
solved dye. Thus, possible difficulties arising from 
particulate material the dyebath were avoided 
and results fibers obtained which could com- 
pared with the results the previous workers 
films. addition, the influence various concen- 
trations butanol the dyebath was 
though butanol not used carrier with dis- 
perse dyes, reputed have carrier action and 
has been used accelerant with other dye sys- 
tems (see, for example, Peters and Stevens 


Experimental 

Skeins secondary cellulose acetate yarn weigh- 
ing approximately mg. were formed, extracted 
Soxhlet extractor with benzene and then meth- 
anol, air dried, washed several times with distilled 
water, and redried room temperature. The dye 
ethyl amino azobenzene), was recrystallized twice 
from benzene. Excess dye was heated 80° 
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water, then the solution cooled 50° and filtered 
oven 50° The solution was stored 
50° and all glassware used was also kept 50° 
avoid precipitation the dye cold walls. 
necked vessel. The temperature was controlled 
use Glass Col heater and Variac. The bath 
was stirred continuously and the fiber sample held 
hooked glass rod. The other two necks 
the flask contained thermometer and condenser. 
sampling the dyebath, ml. solution was 
pipetted (hot) into ml. methanol 25-ml. 
volumetric flask. Methanol was added the mark 
and additional methanol added after cooling give 
ml. room temperature. These precautions were 
taken because was found that the optical densities 
the solutions were sensitive the water—methanol 
ratio and that any more water resulted 
tation dye crystals during the transfer room 
temperature. 
points rate curve since concentration changes 


The same bath was used for several 


were very small for any one point. 

The dyed fiber samples were washed with water 
and air dried room temperature. They were con- 
ditioned 70° F., 65% and weighed, then 
extracted with ml. methanol. Separate samples 
were used for each measurement the tables below. 


Results 


The results rate measurements 50° and 
65° with different amounts butanol the 
bath are shown Tables and II. The results 
long-time (presumably equilibrium) measure- 
ments dye uptake function butanol con- 
centration are shown Table III. 

The applications Fick’s Law the experi- 
mental results 50° and 65° with butanol 
the system and with 0.01% butanol present are 
shown Figures 


Discussion 


The equation used the application Fick’s 
Law assumes that the fiber has circular cross sec- 
tion and that neither the diffusion coefficient nor the 
diameter the fiber change during the absorption 
process. Examination Figures 1-4 shows the 
extent which the equation fits the experimental 
results some cases. Although the fits are not 
particularly good, special trend divergence 
experimental results from the theoretical curves 
established. Considering the scatter the experi- 
mental results, seems likely that the degree fit 
adequate, and effort has been made use more 


elaborate diffusion equations. The assumed con- 


TABLE Uptake Disperse Red Cellulose Acetate 50° Function Time and 
Butanol Concentration 


Butanol 


wt. 0.01 


Dye conc., 
Time, Uptake, Time, 
min. min. 


2.62 

3.43 

4.72 
120 7.41 120 
180 8.33 300 
374 11.7 436 
985 12.7 980 
1140 13.0 1040 
1820 12.4 1410 
4240 13.0 1480 
4320 12.8 1929 
7283 13.2 2098 
9720 12.9 3210 
10,937 3900 
15,937 13.2 4260 
6763 

10,400 


15,375 


3.8-4.4 


0.05 


3.9-4.4 


Uptake, Time, 
min. 


Uptake, Time, 
min. 


Uptake, 
mg./g. 


2.39 4.47 1.86 
4.03 4.32 3.93 
3.92 120 5.63 4.72 
4.13 120 5.64 120 
4.94 252 6.83 158 6.24 
5.54 300 7.71 370 
6.37 300 7.97 410 
6.47 472 6.48 980 
7.25 480 9.11 1053 
6.18 940 9.57 1809 
8.10 980 11.4 1500 
7.37 1399 11.3 5340 
7.28 1440 11.1 5400 
2335 12.1 10,400 
3559 13.0 12,680 
3936 13.1 
10,380 13.5 
10,400 12.9 
10,534 12.9 


ng 
0.50 
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TABLE II. Uptake Disperse Red Cellulose Acetate 65° Function Time and 
Butanol Concentration 


Butanol conc., 


wt. 0.01 0.05 0.50 

Dye conc., 

Time, Uptake, Time, Uptake, Time, Uptake, Time, Uptake, 

2.40 3.07 2.40 4.22 
3.70 3.36 3.56 6.04 
5.08 3.81 100 4.39 120 8.68 
5.61 120 4.08 180 6.16 300 12.1 
5.92 180 5.34 240 7.99 420 12.1 
7.26 420 7.35 300 10.4 1020 12.9 
6.89 530 7.57 1160 11.8 1020 12.5 
120 8.21 1040 7.63 1423 11.4 1440 12.7 
180 9.85 1080 7.94 2550 12.0 2554 13.0 
224 11.9 2550 10.7 7200 11.7 13.8 
420 12.6 2860 9.85 8640 13.3 
1150 13.3 4330 10.6 
2640 13.5 4513 9.84 
6720 13.3 10.4 
7160 13.7 5860 10.4 
8300 10.8 


TABLE III. Uptake Disperse Red 
Cellulose Acetate Function Butanol 
Content 65° 


(Dye Conc. 4.0 
Butanol content 


Dye uptake, 


13.4 
0.0025 0.34 13.3 
0.0050 0.68 11.7 
0.010 1.35 9.03 
0.050 6.75 11.9 
0.50 67.5 12.8 
1.00 135 13.5 


stancy the diffusion coefficient and the diameter 
probably acceptable. Both water 
should absorbed much more rapidly than the 
dye and, since the ratio water absorbed dye 
absorbed relatively large, the water content, hence 
the diameter, should little changed the ab- 
sorption dye. The presence relatively large 
amounts water within the fiber should also act 
lessen any dependence diffusion constant dye 
concentration, although direct evidence 
offered this point (see, however, Bird 
workers 

Secondary cellulose acetate fibers are known 
irregular cross section, that any diffusion co- 
efficient determined refers some sort formal 
average diameter the fiber, There merit 


determining diffusion coefficient, however, since its 
order magnitude gives information the type 
diffusion process involved. The the 
fibers was calculated from the equation 


this equation the density the fiber water 
(1.3677), the density water, the water 
taken from the liquid (0.2 g./g. room tempera- 
ture 0.064 g./g. the water absorbed 
65% and 70° F., and the denier per fila- 
ment, 3.95. The use these values the equation 
assumes negligible effect change temperature, 
which probably incorrect but adequate the order 
approximation involved. The diameter deter- 
mined the calculated diffusion constants are 
given Table IV. 

The diffusion constants fall the range 
those previously determined using films 
strates. Calculated activation energies kcal./mole 
absence butanol and with 0.01% 
butanol) are lower than those found previously 
Because the approximate nature 
the calculations little reliance can put the 
activation energies. 

The equilibrium uptakes the absence butanol 
are somewhat higher than would predicted from 
the work Bird and Harris [1] and not show 
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TABLE IV. Calculated Diffusion Constants 


Temp., 
Butanol 


0 12 
50 0.01 4.0 


0.01 8.1 


the expected exothermic behavior. The former fact 
can attributed probably differences 
strates and techniques used. The latter surprising, 
because the exothermic nature the transfer dis- 
perse dyes from water fiber well substantiated. 
explanation might lie the fact that 
the temperature range covered this work lower 
than usually used. second order transition be- 
tween 50° and 65° might increase the accessi- 
bility the substrate some extent and compensate 
for the decrease uptake resulting from the exo- 
thermic character the absorption process. this 
connection can noted that the results 
presence the two higher concentrations butanol 
are appropriately exothermic. The specific-gravity 
measurements Fortess suggest that butanol 
stronger swelling agent for cellulose acetate 
than water and thus would expected lower 
any second “der transition temperature 
present sufficient quantity. 

interesting that the butanol has complex 
effect the uptake the dye. Both the rates and 
equilibrium are decreased and 
creased the butanol concentration increases (see 
Tables and for rates and Table for equilib- 
rium values). evident that more than one 
process occurring. Consider first possible proc- 


a 


UPTAKE (mg/g) 


0,000 


TIME (min) 


100 


Fig. Rate absorption dye 50° (The solid line 
was obtained using Law.) 


esses for decreasing equilibrium uptake. These 


would include competiti 
for absorption sites, 


between dye and butanol 


increase the solubility 


@ 


UPTAKE (mg/g) 


100 


Fig. absorption dye 65° (The solid line 


was obtained 


UPTAKE (mg/g) 


100 


Fig. Rate absorption dye 50° from bath 


containing 0.01% butanol. 
using Law.) 


@ 


UPTAKE (mg/g) 


Fig. Rate absorption dye 65° from bath 


containing 0.01% 
using Fick’s Law.) 


1000 10,000 
TIME (min) 


using Fick’s Law.) 


000 10,000 
TIME 


(The solid line was obtained 


(The solid line was obtained 
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the dye the solution, and the formation com- 
plex greater affinity for the fiber than the dye 
obvious that some these 
processes are mutually exclusive; for example, the 


alone possesses. 


solubility the dye can either increase decrease, 
but not both. 

Competition between swelling solvents and dis- 
perse dyes for absorption sites has already been 
proposed account for certain equilibrium effects 
observed dyeing from nonaqueous solvents and 
for other reasons [4, 11]. 
molecule than the dye, would expected dif- 


Since butanol smaller 


fuse into the fiber faster, hence also act retard 
the rate dye absorption much the same way 
that additional anion retards the rate acid dye- 
ing wool. 

Formation complex smaller affinity for 
the fiber would also serve decrease the rate 
absorption, since the larger size the complex 
would tend make slower-moving the fiber. 
this might noted that the minima 
equilibrium uptake and rate occur concentra- 
tion butanol nearly equivalent that the dye 
molar basis. 

increase solubility the dye without com- 
plex formation would not affect the basic diffusion 
process the fiber, hence would not alter the rate 
absorption. can probably ruled out that 
basis. 

choice between competition and complex forma- 
tion cannot made without additional information. 
Spectral evidence might give direct proof complex 
formation but was not possible with the experimental 
technique used (dilution with methanol avoid pre- 
cipitation however, qualitative spectral 
changes were observed visually. 


the processes 
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suggested for increasing the equilibrium uptake again 
after its initial decrease, swelling with increase 
accessibility seems the most plausible. Such proc- 
ess has been observed often with other polymers 
and there reason priori expect either the 
other two processes suggested occur. 


Acknowledgment 


This work was undertaken part the Dyeing 
Research Project Textile Research Institute. The 
authors appreciate the guidance the 
Advisory Committee representing the textile and 
chemical manufacturing firms who 
work, 


Literature Cited 


Bird, and Harris, P., Soc. Dyers Colourists 

73, 199 (1957). 

Manchester, F., and Scott, 

Soc. Dyers Colourists 72, (1956). 

Heit, C., Moncrieff-Yeates, M., Palm, A., Stevens, 
29, (1959), 

Majury, G., Soc. Dyers Colourists 70, 445 
(1954). 

Millson, E., Dyestuff Reptr. 44, 417 (1955). 

Peters, and Stevens, B., Soc. Dyers Colour- 
ists 72, 100 (1956). 

Peters, and Stevens, B., Soc. Dyers Colour- 

ists 73, (1957). 

Sprague, S., private communication. 

Vickerstaff, T., “The Physical Chemistry Dye- 
ing,” Second Edition, New York, Interscience 
(1954). 

329 (1960). 


tv 


NS 


Manuscript received April 27, 1960. 


i 

a 

at 


January 1961 


The Situ Polymerization Ethylene Ureas and 
Ethylene Amides Within the Fibers 


Battelle Memorial Institute, Columbus, Ohio 


Abstract 


research program has been carried out investigate new approach cotton 
finishing. This approach has involved study various diaziridinyl compounds, such 
those obtained reacting ethylene imine with organic diisocyanates, diacid chlorides, 
and bischloroformates potential cross-linking agents for cotton cellulose produce 
“minimum care” fabric finishes. Over different aziridinyl com- 
pounds were prepared experimentally and screened for utility the basis water 
solubility and effect such fabric properties crease-recovery angle, tear strength, 
breaking strength and elongation, flex abrasion, washfastness, and chlorine retention. 
The experimental finishes were applied 80-count cotton print cloth, using 
laboratory-size padding and drying equipment. 

The compounds based aliphatic diisocyanates 
were found demonstrate the greatest utility for the contemplated application, particu- 
larly those compounds prepared from hexamethylene-1,6-diisocyanate and mono- and 
diethylene glycol bischloroformate precursors. Increases crease-recovery angle 
the range were achieved with these finishes under conditions application 
generally similar those employed for commercial polymethylol type finishes. 

While these particular finishes impart considerable crease resistance 
cotton cloth, they were found generally cause less impairment other fabric prop- 
erties than experimentally applied commercial polymethylol cotton finish (CEU 
resin). The diaziridinyl finishes, being nitrogen-containing compounds, demonstrate 
strong tendency retain chlorine after chlorine bleaching. Further development 
curing techniques for application these finishes should considered possible 
means reducing chlorine retention. 


Introduction from number shortcomings such lowered tear 


strength, lowered tensile strength, poor abrasion re- 
recent years, synthetic fibers have begun 
sistance, serious chlorine retention, poor crease re- 

make deep inroads into markets normally considered 
tention, and lack permanence. Some modification 

the proper choice catalysts and application condi- 
tions plus the use auxiliary finishing agents such 

been important sales feature the competition 
softeners and water repellents. However, 


between synthetic and cotton fabrics. combat 
evident that further improvements the resin fin- 
ishes used produce minimum-care cotton fabrics 
have been developed for application cotton fabrics 
are highly desirable, especially improvements which 


would eliminate minimize the shortcomings 
current finishes, and such would significant 
commercial value the cotton industry. 

The more important commercial crease-resistant 


improve their inherent crease resistance. 
fortunately, the resin-treated crease-resistant cotton 
fabrics their present stage development suffer 


report work done under contract with the 

Department Agriculture and authorized the Research cotton finishes being used currently 

and Marketing Act 1946. The contract was supervised 

the Southern Regional Research Laboratory, Southern 
Utilization Research and Development Division, Agricul- dehyde, melamine-formaldehyde, and cyclic ethylene- 


tural Research Service. urea resins. Such materials are capable direct 


are polymethylol compounds based urea-formal- 


3 
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chemical attachment the cellulose molecule through 
the formation ether linkages. Although consider- 
able work has been done with these resins, the exact 
mechanism which crease resistance imparted 
cotton not clearly understood. generally 
accepted that the formation chemical cross link 
between cellulose molecules leads increase 
the crease resistance cotton also pos- 
sible that reactive finish might polymerize with 
itself and around the cellulose fibers and this 
way contribute the desired effect improved 
crease resistance. 

There are numerous other functional groups that 
are capable chemical reaction 
Among these are organic halides, sulfates, and sul- 
fonates which are known react with cellulose with 
the formation ethers. Organic acids and acid 
halides can react with cellulose, forming ester link- 
ages. However, none these reactions has yet 
proved satisfactory for establishing the desired de- 
gree cotton stabilization. 

January 1958 program exploratory research 
concerning the use various diaziridinyl compounds 
finishes impart crease resistance cotton fabric 
was initiated the Battelle Memorial Institute under 
the sponsorship the Department Agricul- 
ture, Southern Utilization Research and Develop- 
ment Division, New Orleans, Louisiana. Some 
study aziridinyl compounds cotton finishes had 
been done prior this time Germany [4] 
around the time World War and more recently 
ture. Germany, use had been made such com- 
pounds triethylene melamine, stearoyl ethylene 
urea, and diaziridinyl derivatives hexamethylene 
diisocyanate and various aromatic diisocyanates. 
The work done the Department Agriculture 
has involved studies trisaziridinyl phosphine ox- 
ide (APO) [3] and carbonyl bisaziridine [2] 


crease-resistant cotton finishes. 


Theoretical Considerations 


The main objective the Battelle studies was 
make preliminary investigation several organic 
aziridinyl compounds the type obtained reaction 
ethylene imine with organic acids, isocyanates, 
and chloroformates. primary interest were the 
difunctional aziridinyl derivatives which 
tainable via the general reactions illustrated below. 
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CH, 
Bis Ethylene Amide 
(2) 
Bis Ethylene Urea 
CH: 


Bis Ethylene Urethane 


Reactions and are condensation reactions 
necessary that some acid acceptor, such tertiary 
amine, used this case since the aziridinyl ring 
formed readily susceptible acidic attack. Re- 
action involves simple addition the imine across 
the double bond. 

The aziridinyl functional group normally highly 
reactive and can readily undergo reactions involving 
ring opening the bond. Thus 
compounds are susceptible 
merization represented below. 


+ 


ro 
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For simplicity compound shown. 
Step hydrogen ion initiates ring opening, and 
polymer. The same type reaction involving di- 
polyfunctional aziridinyl compound would result 
network The over-all type reaction 
desired the use compounds 
crease-resistant cotton finishes illustrated below 
simplified form. 


Cellulose 


CH, 


highly probable that the finish when 
applied fabric the monomeric form enters into 
two competitive direct reaction with 
cellulose via the hydroxyl groups form chemical 
soluble network structure and around the 

practical application the textile finisher, 
aqueous solution dispersion the diaziridinyl 
compound can applied the cotton 
ard resin finishing equipment can used for the ap- 
plication such finishes. After impregnation, the 
finish the fabric with the aid heat 
develop the crease-resistant property. 


Materials and Methods 


The particular organic compounds 
interest this program are not readily available 
commercially and were, therefore, synthesized 
Battelle needed. Altogether, over different 


experimental cotton finishes were prepared during 
the course this work. The necessary syntheses, 
while interesting, were not the main objective the 
over-all program and will not described here 
any great detail. general, straightforward pre- 
parative techniques which have previously 
ported the literature were employed. How- 
ever, particular attention was given devising 
methods purification that were suitable for the 
generally quite reactive monomeric diaziridinyl de- 
rivatives sought. Briefly, the methods used involved 
reacting ethylene imine with the desired organic 
diacid chloride, diisocyanate, bischloroformate 
solvents such acetone, ether, methylene chlor- 
ide, low temperatures. The crude diaziridinyl 
products were purified crystallization whenever 
possible order obtain the desired monomeric 
forms moderate high yields. 

print cloth was used the work. This fabric weighs 
approximately yd. and was obtained about 
in. wider than normally finished. After processing, 
the final width was then close the normal finished 
width. The fabric received and used had not 
been treated with any finishing agent preshrink- 
ing operation. 

laboratory padder was used 
apply the experimental finishes fabric. 
forced-air drying and curing oven was designed and 
constructed operate conjunction with the pad- 
der. drawing this equipment 
shown Figure high rate air flow was 
used continuously dry the fabric the oven. 
After this, the oven temperature was adjusted 
the desired level for the curing operation 
fabric was again passed continuously through the 
oven speed sufficient give the desired curing 
time. Approximate resin add-ons were calculated 
from the bone-dry weight the fabric after 
processing. 

The following standard tests were employed 
determine properties the experimentally-finished 
fabrics. All measurements were made under stand- 
ard conditions 70° and 65% RH. 


Crease-Recovery Angle—ASTM Standard Test 
Method D-1295-53T using the Monsanto Wrinkle 
Recovery Tester with 500-g. weight. 

Tear Strength—ASTM Standard Test Method 
D-1424-56T using the Elmendorf Tear Tester. 


CH, 
CH», CH, 

CH: 
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Drive beit for windup roi! 


Fabric-windup rol! 


Boffie plate 
obric-supply roll — 

| 
Butterworth laboratory 4 


Hot aw to exhaust 
through flowmeter 
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Fabric 


Fabric guide or 
mounting bracket 
for supply roll when 
used for curing 


Fig. equipment 
for the experimental finishing 
Hot cotton fabric. 


Orying and curing oven 


Breaking Strength and Elongation—ASTM 
Standard Test Method D-39-49 using table-model 
Instron Tensile Tester. Test specimens were pre- 
pared the raveled-strip technique. 
travel speed 0.5 in./min. the warp direction 
and 1.2 the filling direction was used. 

Flex Abrasion—ASTM Standard Test Method 
D-1175-55T (Method using Stoll Uni- 
versal Wear Tester with bar weight and 
head weight 0.5 Ib. 

Dimensional Standard Test 
Method 72-1952 using Atlas Launder-Ometer. 

Washfastness 


cross-head 


Angle— 
Samples subjected laundering according AA- 
TCC Tentative Test Method 61-1957 (Test 3A) 
using Atlas Launder-Ometer. 

Damage Due Retained Chlorine—AATCC 
Tentative Test Method 69-1958 using Atlas 
Scorch Tester. 


Crease-Recovery 


addition the above-listed tests, the nitrogen 
ton fabrics was determined the Kjeldahl method 
using copper selenate/potassium sulfate catalyst. 


Experimental Work and Discussion 


Fifteen the more important difunctional aziri- 
dinyl compounds investigated during this program 
are listed Table along with few descriptive 
properties for each material. During preliminary 
screening the various candidate diaziridinyl com- 
pounds, was found that the derivatives aromatic 
diisocyanates and diacid chlorides group could 
not effectively applied fabric because their 
extremely low water solubility. Some effort was 
spent attempting emulsify these materials ade- 


with perforations on side 
next to fabric 


quately ball milling ultrasonic vibration, but 
such attempts were for the most part unsuccessful. 
The derivatives aliphatic diacid chlo- 
ride approached water insolubility chain lengths 
did the polyethylene glycol bischloro- 
CH,— 


However, the less 


formate derivatives with more than three 
CH,—O— units the chain. 


soluble derivatives could 
effectively dispersed water through the use ap- 
propriate surfactants. 

general rule, the application cotton fabric 
the particular diaziridinyl compounds investigated 
this work was not improved the use potential 
curing catalysts such fluoborate, 
amine complex, metal chloride salts. The addi- 
tion such catalysts hastened the self-polymerization 
the finishes, some cases causing insolubilization 
and precipitation the finish from the 
With catalysts omitted, solutions most the ex- 
perimental finishes were reasonably stable for sev- 
eral hours days. 

Wide variance the moisture content the 
impregnated fabric before curing did not prove 
have significant effect the curing efficiency 
However, the particular curing temperature and 
curing time employed proved important factors 
optimizing the curing efficiency and prop- 
erties. 
gated over range temperatures from 180° 
350° using cloth swatches treated with representa- 
tive experimental finishes. 


Several different curing times were investi- 


all cases, minimum 
curing temperatures 250°-300° were necessary, 
regardless the finish used moisture content, 
before the higher crease-recovery angles could 
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F. for 


min. were chosen the best for general laboratory 


approached. Curing conditions 300 
use this preliminary investigation. 

Some representative data illustrating the physical 
properties cotton fabric treated with the most ef- 
fective finishes each class investigated 
are shown Table this table for 
comparison are experimental data obtained from 
cloth samples treated similarly with common com- 
finish (cyclic ethylene urea 
resin, Rhonite and data for the unfinished 
cotton print cloth. 

Data from evaluation the diaziridinyl deriva- 
tives aromatic precursors have not been listed 
herein, since these compounds generally demon- 


The use trademark names has been for information 
only, not endorsement product any company. 


strated little effectiveness improving 
sistance treated fabric. This probably due 
part the solubility limitations previously men- 
tioned and the attendant difficulty achieving ade- 
quate impregnation fabric with finishes this 
type. 

The water-soluble diaziridinyl derivatives 
phatic diacid chlorides were, class, found 
fairly ineffective improving fabric properties 
applied. However, good retention finish applied 
fabric could obtained most cases with these 
materials. 

From the data shown, apparent that the dia- 
ziridinyl derivatives hexamethylene-1,6-diisocya- 
nate and the polyethylene glycol bischloro- 
formates are the most promising the group studied 
terms their effectiveness improving crease 


TABLE II. Physical Properties Experimentally Finished Cotton Print Cloth 


Crease- 
recovery 
angle 
(total 
Solution Finish strength, Flex abrasion Breaking Breaking warp 
Finish, diazirdinyl tained, filling), 
derivative Warp Filling Warp Filling Filling Warp Filling 
Hexamethylene-1,6- 3.40 966 502 205 195 58.0 33.4 7.6 21.6 203 
diisocyanate 906 448 174 157 48.9 28.2 6.3 19.5 239 4-5 
9.79 912 394 138 138 48.3 26.7 5.5 19.5 257 
chloride 2.24 890 435 254 190 56.7 33.5 7.9 20.1 182 4-5 
4.77 854 406 258 175 31.9 7.0 19.7 196 
6.51 826 381 218 174 47.8 30.1 6.4 19.7 211 4-3 
Monoethylene glycol 3.14 387 204 181 54.5 30.4 6.7 20.7 210 
bischloroformate 5.49 777 339 184 153 49.8 27.4 6.0 19.5 237 4-5 
7.38 771 307 121 100 49.0 24.4 5.4 18.8 261 
Diethylene glycol 2.61 931 442 201 194 52.9 30.1 6.8 21.0 212 4-5 
bischloroformate 6.37 870 378 137 166 50.5 26.5 6.0 20.1 233 
9.51 822 304 104 119 48.8 22.9 4.9 19.9 260 
Triethylene glycol 3.04 992 477 254 201 58.7 31.4 7.5 20.4 190 
bischloroformate 5.70 861 438 237 194 30.0 7.0 19.6 217 4-5 
8.48 810 349 171 159 47.7 26.5 5.7 19.0 240 
Untreated control 1203 797 262 240 65.9 41.5 19.7 142 
(as received) 
Untreated control 973 560 278 211 64.7 38.3 9.9 22.5 153 
(after processing) 
Cyclic ethylene urea 3.39 707 282 103 120 41.7 5.4 18.4 257 
resin* (control) 7.42 669 240 38.9 19.8 4.6 17.4 283 
10.90 640 211 41.3 18.5 3.9 16.8 300 


added pad bath concentration equal 20% finish weight. 


i 
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resistance cotton fabric measured crease- 
recovery angle. The crease-recovery angle all 
cases increased with resin add-on. Crease-recovery 
angles about 260° were obtained with HMD and 
the diaziridinyl derivatives monoethylene glycol 
bischloroformate (MEGCF) and diethylene glycol 
bischloroformate resin levels about 

general, there was slight decrease tearing 
strength the resin add-on the experimental 
finishes increased. The sample treated with HMD 
had the highest tearing strength (912 g.) the high- 
est crease recovery angle (257°) the treatments in- 
vestigated. The breaking strength all the samples 
treated with the diaziridinyl derivatives hexa- 
methylene diisocyanate, mono- diethylene glycol 
bischloroformate, was good, varying from about 
the highest resin add-on. The elonga- 
tion, expected, decreased with 
add-on (4.9-5.7% compared the processed con- 
trol 9.9%). The flex abrasion resistance de- 
creased with increase resin add-on. Again, 
the highest crease-recovery angles the HMD-finished 
sample had the highest flex abrasion resistance: 138 
cycles (warp) compared the processed control 
278 cycles (warp) and the control CEU treatment 
103 cycles (warp). AATCC color rating all 
experimental samples the highest crease-recovery 
angles was 

The effect repeated laundering the crease 
resistance cotton print fabric treated with some 
the more promising diaziridinyl finishes investi- 
gated illustrated graphically Figure 
treated with HMD demonstrated the 
sistance during the accelerated laundering test with 
loss crease-recovery angle only approximately 
11% after cycles the Launder-Ometer (the 
equivalent 150 home launderings). Samples 
treated with CEU resin and the experimental ME- 


TABLE III 
Content, 


derivative original Launder-Ometer 

Hexamethylene 0.74 0.72 
diisocyanate 

Monoethylene glycol 1.00 0.96 
bischloroformate 

Diethylene glycol 0.88 
bischloroformate 

Cyclic ethylene urea 0.74 0.70 


resin (control) 


27 


Dioziridiny! Derivotive 
of 


HMD -Hexomethylene diisocyanate 

SuC -Succiny! chloride 

MEGCF -Monoethylene glycol bischioroformote 
DEGCF - Diethylene glyco! bischioroformate 
TrEGCF -Triethylene glyco! bischioroformote 


Crease - Recovery Angie, degrees 


170) 


30 


10 
Lounder -Ometer, cycies 


Fig. The effect laundering crease-recovery angle 
finished cotton print cloth. 


GCF finish lost about and 20%, respectively, 
original crease-recovery angle under 
conditions. addition, samples print cloth fin- 
ished with several the experimental compounds 
were analyzed for nitrogen content directly after 
processing and then after cycles the Launder- 
Ometer. Less than decrease nitrogen content 
occurred during the accelerated laundering shown 
Table ILI. 

The results from tests determine the extent 
damage the breaking strength experimentally 
finished fabric samples retained chlorine are sum- 
marized Table IV. Generally, the bis ethylene 
amide, bis ethylene urea, and bis ethylene urethane 
treated samples suffer appreciable loss strength 
after exposure chlorine bleach scorching. 
This sharp contrast with the small loss 
strength observed for samples treated with CEU 
resin after similar testing. Susceptibility chlorine 
retention would general expected 
genous finishes. questionable what extent 
this undesirable property might lessened re- 
finements the methods applying these finishes 
fabric the use auxiliary finishing agents. 
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The Effect Retained Chlorine the Breaking 
Strength Experimentally Finished Cotton Print Cloth 


Breaking 
strength 
after 
Initial standard original 
breaking chlorine breaking 
derivative Ib. scorch, retained 
chloride 47.7 44.3 92.9 
Hexamethylene- 46.4 28.9 62.2 
1,6-diisocyanate 
Monoethylene glycol 46.3 17.7 38.1 
bischloroformate 
Diethylene glycol 47.5 8.2 17.3 
bischloroformate 
Triethylene glycol 49.5 6.9 13.9 
bischloroformate 
Unfinished control 59.6 56.9 95.5 
CEU Resin control 41.0 40.6 99.0 


Recently, work has been done the De- 
partment Agriculture [2] indicating that small 
amounts zine fluoborate tend decrease the 
strength loss due retained chlorine cloth treated 
with carbonyl bis aziridine. Certainly, further work 
minimize the chlorine retentiveness diaziridine 
cloth treatments will necessary part any 
future development this type cotton finish. 

The effect post-addition softening agent 
(Polymul CS-81, emulsified polyethylene) 
briefly investigated cloth samples treated with 
experimental HMD, MEGCF, and DEGCF finishes. 
concentration the fabric about 1%, the 
softener caused significant increase tear strength, 
flex abrasion, and crease-recovery angle properties. 


Summary 


Several bis ethylene urea, bis ethylene amide, and 
bis ethylene urethane compounds have 
pared and subjected preliminary investigation 


determine their effectiveness reactive finishes 
for improving the crease resistance cotton fabric. 
the group compounds studied, the diaziridinyl 
derivatives hexamethylene diisocyanate and mono- 
and diethylene glycol bischloroformate have been 
found capable imparting considerable improvement 
the crease resistance cotton print cloth 
These new fin- 
ishes can applied fabric from aqueous solution 


measured crease-recovery angle. 


dispersion means conventional padding 
equipment. The finish then caused polymerize 
with and probably around the fibrils the cellulose 
fibers drying the impregnated fabric and curing 
elevated temperatures. Fabric treated with the dia- 
ziridinyl derivative hexamethylene diisocyanate 
particularly resistant loss crease resistance after 
repeated laundering. However, applied, the bis 
ethylene amides, ureas, and urethanes investigated 
are quite susceptible the retention chlorine 
after exposure chlorine bleach. 
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The Attainment Defined State Dryness Accurate 
Determinations the Regain Wool Samples 


Wool Research Laboratories 
Division Textile Physics 

338 Blaxland Road 

Ryde, N.S.W., Australia 

September 29, 1960 


the Editor 
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Dear Sir: 

Accurate regain determinations wool samples 
are usually carried out measuring the loss 
weight dry nearly dry atmosphere some 
temperature excess 100° 

determinations made recognized conditioning 
houses and testing authorities, the figure the sec- 
ond decimal place regain usually regarded 
significant [1, 2]. Under these conditions the ques- 
tion precisely when the sample may regarded 
dry interest, because sample held air 
105° continues lose appreciable weight for 
period longer than any practicable drying time. 

Drying experiments have been carried out 
range samples the form tops and corings 
scoured wool. The wools used ranged between 
and 70’s quality. The mass each sample was 
between and 100 
precision regain apparatus which room 
heated 105° 
The air flow through the samples was such that after 
2-3 minutes the rate drying was not limited 
all the supply air but was the rate which 


Drying was carried out 


was forced through the samples. 


the wool fibers were desorbing their residual regain. 
This could deduced comparing the water-re- 


from atmosphere conditioned 65% RH, 
20° C., but similar results were obtained using dry air. 


moving capacity the air [4] (which was g./min. 
approximately) with the rate fall weight 
the sample (about 0.1 g./min.) and also confirmed 
experiments the rate drying single fibers 
where air supply set limitations. Drying was 
carried out over period hours, extending some 

Figure shows the results the tests. The 
change regain from the value min. after the 
start drying plotted against the time drying. 

appreciable change weight still occurring 
after many hours drying, and 

there little difference the drying behavior 
among all the samples tested. 

The results Figure suggest strongly that there 
characteristic long-term drying curve for wool 
fibers dry atmosphere, the form the curve 
being determined the rate release strongly- 
bound water and its diffusion out the fibers. 


© 64's top. (3 samples) 
or @ 70's corings.€ 2 samples) 
x 64's corings, carbonized. ! sample 
| + 56's corings, carbonised.C sample) 
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For temperature 105° the shape the curve 
given approximately the dotted line the 
figure. clear that constant value dry weight 
not reached any practicable drying period, 
that becomes necessary define, somewhat arbi- 
trarily, “dry state” which must represented 
some point the characteristic curve. would 
seem that for practical purposes any point the 
characteristic curve from few minutes onwards 
might arbitrarily chosen the dry state. 

drying procedure which soundly based 
must known that after given time drying will 
following the characteristic curve not 
being limited the rate supply drying air) 
and the point reached the curve must 
known. will then easy relate the regain 
the sample the value would have the dry state, 
represented some specified point the charac- 
teristic curve. 

The method commonly used define the dry state 
sample stipulate that the percentage change 
weight over prescribed drying interval shall not 
exceed some particular (small) value. the pack- 
ing density the sample reasonably uniform and 
the supply drying air such bring the 
defined state period more than hour 
so, then the time that state reached air flow 
will not factor limiting the drying and 
the sample will following the characteristic drying 
curve. The dry state defined this way can 
directly related point the characteristic dry- 
ing curve. For example, the specification 
defines the dry state that for which the loss 
weight over period min. less than 0.05% 
regain. This fall regain 15-min. interval 
the characteristic drying curve between 
the times and min., that the point 
the curve might regarded representing the 
dry state defined I.W.T.O. However, the 

15% near dry min., the average capacity the air 
for water removal 0.25% regain/min., which much 


greater than the rete fall regain the defined dry 
State. 


time taken reach the defined dry state 
ment currently used varies between min. and 
hour more. 

made this laboratory which dry- 
ing air flowed under pressure rate 
through uniformly-packed 100-g. samples 
wool normal regain indicate that the characteristic 
curve being followed under min. Under 
these conditions the maximum uncertainty with 
which the position the sample the curve 
there- 
fore quite practicable reach the curve quickly and 


known any subsequent time min. 
accurately known position. adequate air 
flow used, such that specified above, variations 
packing density, sample size etc., such may 
encountered practice with loose scoured wool, 
tops, and corings, have little effect the time taken 
for the sample start following the characteristic 
curve. 

The use supply drying air large enough 
ensure that the characteristic curve reached very 
quickly provides two advantages 

acceptable state dryness may attained 
rapidly. For example, the dry state defined 
regulations (as represented the 7-min. 
point the characteristic curve) may reached 
about min. 

during each regain determination check whether 
the specified dry state has been reached. Since the 
characteristic drying curve being followed, 
necessary make only single weighing speci- 
fied time. 
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Variation Wet Crease Recovery Tested Monsanto 
and TBL Methods 


Hale, Cheshire, England 
August 27, 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

During recent years there has been renewed in- 
terest the old observation that certain chemical 
treatments impart cotton goods recovery from 
creasing which evident only the wet state. 

Wet-state recovery, addition dry-state re- 
covery, also recognized having important 
function connection with smooth-drying finishes, 
sometimes called drip-dry. 

only expected that attempts should 
made quantitatively measure wet recovery. The 
method suggested Lawrence and Phillips 
seems popular; was first published about 
four years ago, but further results have appeared 
more recently 

From the data the above publications would 
appear that respect untreated cotton goods, 
there little difference between dry-state recovery 
and wet-state recovery; indeed, sometimes the wet 
recovery untreated cotton appears higher 
than the dry recovery. 

well known that the recovery wet cotton 
fabric almost negligible and always very much 
lower than the dry recovery the same fabric. This 
can demonstrated very simply the ‘clenched- 
fist’ test. 

The anomalous results quoted above probably arise 
from the use the Monsanto apparatus; the re- 
covery from creasing helped the operator, who 
adjusts the apparatus occasionally bring one part 
the test strip coincidence with vertical line. 


When cotton wetted, there breakdown 
hydrogen bonds that the recovery falls, but the 
fabric also plasticized and becomes much more 
susceptible assistance; hence the unreal figures 
for wet recovery. 

The TBL test method may described 
assisted; though was never intended for wet re- 
covery, yet interesting note the following 
figures, which bear closer relation reality than 
those obtained from the Monsanto machine (Table I). 
also consequence note that, the test strips 
are placed their backs, the dry strips show little 
difference recovery, whereas the wet strips slowly 
subside give recovery angle zero, and they 
dry that collapsed state. 

adaptation the TBL test the mercury flo- 
tation when this was used Steele [3] 
found that the uncreasing angle untreated rayon 
was 85° dry and 52° wet. 

may well that the Monsanto method has much 
commend when measuring series dry re- 
wet recoveries another range fabrics treated 
specifically for wet recovery, but one and the same 
sample may unwise measure both dry and 
wet recovery this test, which gives such unreal 
results for untreated material. 
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TABLE Crease Recovery 


Spun rayon 


Warp Weft 


Dry recovery 17.5 mm. mm. 
53” 49° 
Wet recovery 12.5 


Bleached cotton Mercerized cotton 


Warp Weft Warp Weft 


mm. mm. 12.5 mm. 13.5 mm. 
33° 33° 40° 

8.5 
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Young’s Modulus Keratin Compression 


Wool Research Laboratories 
Division Textile Physics 
338 Blaxland Road 

Ryde, N.S.W., Australia 
August 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

two-phase model has been proposed [3] for 
keratin fibers which adequately describes their me- 
chanical properties both wet and dry when they are 
stretched longitudinally twisted about the fiber 
axis. This model consists array small di- 
ameter cylinders with axes parallel the fiber axis 
and embedded matrix. The mechanical proper- 
ties the matrix and cylinders are almost identical 
when the fiber dry, making homogeneous iso- 
tropic material. 
chemically weakened, while the cylinders unaf- 


water, the matrix swells and 


fected water. This explains the anisotropic nature 
the mechanical properties wet keratin fibers. 
the 
Young’s modulus compression the lateral com- 
pressional properties keratin fibers. this note 
account given attempt measure these 
properties for horsehair and explain them terms 
the model. 


exist 


simply compressing fiber and finding the ratio 
stress strain, the ratio the length the di- 
ameter must lie within certain limits. the ratio 
too high, the fiber buckles; too low, the fric- 
tion between the end blocks and the specimen, which 
introduces additional stresses, cannot neglected. 
has been shown [1] that, for block whose length 
and diameter are equal, the error 


Green filter Aperture 


Telescope Mercury 


orc 


Optical 
flats 
Fibre sections 


Fig. 


Diagram 


neglecting these frictional forces less than 5%. 
addition, such block not likely buckle. For 
these reasons all fiber sections used had their lengths 
equal slightly greater than their maximum di- 
ameter; the frictional forces were neglected, being 
well within the experimental error this simple 
method. 

Short lengths unmedullated horsehair diam- 
eter about were taken through absolute alcohol 
and benzene and embedded mixture 95% 
paraffin wax (MP 115° F.) and beeswax. After 
trimming, the block was left water for few days 
and then sectioned Spencer microtome. The 
block was advanced hand order cut sections 
approximately thickness. 

Three these sections were washed fresh ben- 
zene, their dimensions were measured under the 
microscope, and they were placed the top 
optical flat whose lower surface had been coated with 
polyvinyl alcohol stained with iodine eliminate 
unwanted reflections. was difficulty 
placing the short cylindrical sections with their axes 
vertical. three sections were arranged the 
corners equilateral triangle side in. and 
second light optical flat placed top. This was 
illuminated shown Figure The source was 
low-pressure mercury lamp with Wratten 77A filter 
isolate the 5463 line. 
with the interference fringes was observed through 
telescope placed vertically above it. 

Elementary optical theory [4] shows that, 
section compressed through distance equal 
half wave length, the interference pattern shifts 
one fringe. Hence simple matter calculate 
the compression from the fringe shift across the 
specimen. compression the other sections 
does not affect this result. not difficult 
measure the fringe shift fringe. 


One specimen together 


The loads were placed the top optical flat sym- 
metrically among the three fiber sections. this 
case, the weight one fiber must the total 
weight the optical flats and weights. Checks made 
using brass specimens confirmed that the compres- 
sion the glass above the sections was not significant 
for the loads used here. 

Young’s modulus was found first with the fiber 
dry atmosphere and then atmosphere 
100% RH. Because the upper flat had appre- 


4 
by 


ciable weight, was not possible find the relation 
between stress and strain from zero loading. was 
found, however, that the increase stress was pro- 
portional the increase strain for strains lying 
between approximately 0.2% and 1.2% for the dry 
fiber and 0.6% and 1.3% for the wet fiber. Higher 
strains were not practicable with the equipment used 
and, addition, the wet fibers showed irrecoverable 
set beyond this value over the period the experi- 
ment (about Because creep was considerable 
for fiber the moist atmosphere, two values the 
modulus are given—one for the instant loading 
and one for min. after loading. Also included 
the table below the modulus extension which 
was found using the Cambridge extensometer and 
sample the same horsehair about cm. 
Only the instantaneous modulus given this case. 


Modulus, 
compression, wet 
Instantaneous 
min. 
extension, dry 4.4 
extension, wet 1.2 


The ratio the dry the wet modulus 3.7 
extension and 3.4 compression. 

The high values the compression moduli (over 
twice those the corresponding extension 
are little difficult explain. Possibly compres- 
sion the only strain produced due bond stretch- 
ing, whereas tension has been suggested that 
the strain consists both bond stretching and some 
small opening-out the components the keratin 
structure [2]. Without this opening-out, 
Young’s modulus [2] tension, dry, would 
the order 10° which compares favor- 
ably with the value obtained here. water, the 
compression modulus after min. comparable with 
the modulus tension. The high instantaneous 
compressional modulus the wet fiber indicates 
much slower opening-out the keratin structure 
compression than tension. 

The effects compressing horsehair fibers later- 
ally were also investigated. Sections about mm. 
long, cut hand, replaced the sections used above, 
and these were mounted with their axes horizontal. 
was not known how the force and compression are 
related the lateral Young’s modulus this case. 
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However, was found that, for small strains, 
the displacement was proportional the applied 
force, would appear permissible write 
Young’s modulus 


where shape constant, the applied force, 
the maximum longitudinal cross-sectional area 
the cylinder, its maximum diameter, and 
its length. Then because D/A and changes 
only 1.2% the dry fiber absorbs water, the 
ratio the forces necessary produce the same 
compression dry and wet should close the ratio 
the dry and wet lateral moduli. The ratio found 
was 19:1 for instantaneous loading and 27:1 for 
min. after loading. 

The two-phase model described above predicts that 
the lateral Young’s modulus should depend almost 
entirely the elastic properties the matrix and 
not the cylinders. this so, the ratio the 
dry and wet rigidity moduli, which also depend 
the elastic properties the matrix, should close 
the ratio the dry and wet lateral Young’s modu- 
lus. The ratio the rigidity moduli found using 
torsion pendulum, which measures the instantaneous 
moduli its period only few seconds, gives this 
ratio 15:1 [6], which comparable with the 
value obtained here. 

has also been pointed out that the 
curve for wet wool fiber constant twist shows 
considerable drop torque with time 
the increase the ratio the moduli after min. 
does not appear unreasonable. 
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Process for the Modification Cotton with Formaldehyde 


Southern Regional Research Laboratory 
New Orleans 19, Louisiana 
July 26, 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

Many attempts have been made the past de- 
velop practical process for the treatment cotton 
with formaldehyde impart crease resistance and 
dimensional stability. The main disadvantages 
these processes have been the excessive strength 
losses and lack reproducibility the treatment. 
This has probably been partly due the fact that 
most the processes used the past have employed 
the method padding, drying, and curing the cotton 
materials elevated temperatures. these proc- 
esses there competition between combination and 
evaporation the formaldehyde addition ex- 
cessive damage due acid hydrolysis 

Recent studies this laboratory were made 
which cotton was reacted with formaldehyde 
various degrees fiber swelling. The solutions used 
contained formaldehyde, hydrochloric acid, acetic 
acid, and water. The degree fiber swelling was 
controlled varying the amount water the 
system. Solutions containing about 9-18% water 
were best for obtaining high wet and dry wrinkle 
recovery. The reaction was carried out allowing 
the cotton soak the solutions room tempera- 
ture until the desired degree reaction was obtained. 

The use this method cross-linking cotton 
fibers various degrees fiber swelling has appar- 
ently overcoine the main disadvantages usually asso- 
ciated with finishing with formaldehyde. Reaction 
the presence small amounts water fixes the 
fibers partially swollen state and produces fabrics 
with good tensile and tear strength. The laboratory 
procedure was easily and repeatedly duplicated 
the pilot plant. pilot plant run de- 
scribed follows. solution composed 2.13 


36.7% formaldehyde stabilized with methanol, 


the laboratories the Southern Utilization Re- 
search and Development Division, Agricultural Research 
Service, Department Agriculture. 


2.38 37.8% hydrochloric acid, 13.74 glacial 
acetic acid, and 3.14 acetic anhydride was used. 
The acetic anhydride was used for the purpose 
reacting with portion the water. The resulting 
solution contained 3.6% formaldehyde, 3.7% hydro- 
gen chloride, 10% water, and 82.7% acetic acid 
weight. The formaldehyde was added last, after the 
solution had cooled room temperature. Bleached 
print cloth was mercerized with tension 
Forty-five yards this fabric (18 
in. wide) were treated hooded jig. The reaction 
was carried out room temperature (27° C.) for 
hr. The fabric was then rinsed the jig with 
sodium carbonate solution and finally washed thor- 


the warp only. 


oughly winch, using cold water and then hot 
water, and dried passing through heated oven. 
portion the fabric was softened with silicone. 
Tests were made both the softened and unsoftened 
fabrics. The unsoftened treated mercerized print 
cloth had 0.96% HCHO, Monsanto crease recovery 
angles 260° wet and 250° dry (the con- 
trols were 214° and 155° respectively), Elmen- 
(720 
warp) and strip breaking strength retention 
65% (37.0 warp) based the mercerized con- 


dorf tearing strength retention 67% 


trol. The tearing strength retention was increased 
87% (940 g., warp) and the breaking strength 
retention remained essentially the same, 64% (36.3 
warp) the application the silicone. The 
wet crease recovery was increased 287° and the 
dry was increased 265°. These results are nearly 
comparable samples prepared the laboratory. 

Research the treatment cotton with formal- 
dehyde still under way, and report further 
work this process will published greater de- 
tail later date. 
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Shear Properties Relation Fabric Hand 


Textile Research Laboratory 
Courtaulds Ltd. 

Bocking, Braintree 

Essex, England 

August 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

The term “hand” generally reserved for the tac- 
tile evaluation fabric. Such evaluation 
determined complex manner the physical 
properties the fabric and also the state the 
Any attempt elucidate the relationship 
between the subjective assessment fabric and the 


observer. 


physical attributes must, far possible, take into 
account all those physical properties which are ca- 
pable producing tactile stimuli. When considering 
certain aspects handle some simplification may 
feasible; selection those physical properties 
which are intuitively thought significant may 
one’s guard. Thus might thought that the sub- 
jective property “smoothness” determined pri- 
marily surface friction, but Wilson and Wilkin- 
son study subjective smoothness con- 
cluded that determined properties additional 
Indeed, flexural rigidity 
and fabric compressibility were found im- 
portant, but the degree interaction among the 


physical smoothness. 


TABLE 


various physical properties taken into account varied 
between sets fabrics. 

Peirce [3] his classic paper “The Handle 
Cloth Measurable Quantity” emphasizes the 
role flexural rigidity relation the subjective 
assessment stiffness. Other things being equal, 
doubt true that fabric will assessed 
being stiffer the flexural rigidity increased. 
However, difficult change given property 
fabric without producing some effect other 
properties, and the case the subjective assess- 
ment stiffness necessary decide properties 
other than flexural rigidity are important. 
Howarth and Oliver [1] found that, with worsted- 
type fabrics, fabric thickness important factor 
relation subjective stiffness. 

When fabric clenched the hand sub- 
jected very complex strains. The stimuli which 
produce the tactile impression will associated with 
the reactions the fabric the hand and these will 
largely governed the characteris- 
tics the fabrics. general, other properties such 
surface friction and fabric thickness will also 
important. However, neglecting these, clear 
that subjective stiffness likely depend upon 
relations other than flexure. 

the course some work the stabilization 
nylon monofil bolting cloths heat setting, was 
found that some the heat-set samples were softer 
and less paperlike than the corresponding untreated 


Shear Properties Nylon Monofilament Fabric, Den. Twill 


166 


Results are quoted after cycles 


Direction Initial modulus, 


Treatment thread g./degree 
None Warp 4.73 4.63 
3.13 3.57 
Heat 100° Warp 5.45 4.11 
Weft 4.24 4.09 
Heat 140° Warp 1.27 1.52 
Weft 1.33 1.48 
Heat Warp 0.29 0.19 
Weft 0.31 0.25 


Curve width, 


Buckling angle Buckling angle, zero strain, 


degree strain* stress* g,t 
2.75 4.67 18.2 26.7 17.4 
3.43 4.91 31.5 17.4 18.7 
3.06 4.87 20.9 26.5 16.7 
2.72 2.83 27.2 14.0 16.9 
4.44 9.88 29.5 19.7 
4.08 8.16 25.4 20.4 7.9 
6.59 8.28 14.4 5.56 1.6 
21.5 17.2 2.9 


The two sets results are given for opposite directions shearing, the asymmetry being associated with the twill 


the width the hysteresis after cycles, 


| 
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January 
TABLE Il. Effect Heat Setting the Bending Length 
Properties Nylon Fabrics 


Bending 
cm. 


Ends/in. Picks/in. 45° 


Untreated 165 166 3.05 3.16 2.99 
Heat set 100° 166 165 3.13 2.80 
Heat set 167 161 3.15 3.15 2.85 
Heat set 165 167 3.14 3.18 2.79 
Heat set 160° 165 161 3.18 3.15 2.86 
Heat set 180° 167 164 3.15 3.10 2.76 


Determined cantilever method Peirce 


fabrics. fabrics used were loom finished but 
had unsized warps and they were heat set pin 
frame prevent dimensional changes. 

was found that heat setting under these condi- 
tions produced little change the bending 
length given fabric, that the change handle 
could not associated with change the flexural 
rigidity. was speculated that the planar stress— 
strain characteristics, particularly shear, were 
associated with the observed changes, since the heat 
setting produced significant change either the 
fabric geometry the mechanical properties the 
the request the author, Mr. Gordon 
Cusick the Manchester College Technology 
made some initial measurements shear properties 
the method and Eeg-Olofsson [2]. 
Later measurements were made Mrs. Shirley 
Norman Courtaulds’ Droylsden Research Labo- 
ratory. all cases where appreciable change 
the subjective stiffness occurred was found that 
there was corresponding change 
properties. 

The change the shear properties nylon 
monofil twill fabric with setting temperature shown 
Table the constancies the bending length and 


structure are shown the results listed Table 
The results show that the initial shear modulus 
somewhat increased setting temperature 100° 
but considerably reduced setting temperatures 
140° and 180° the other hand, the 
buckling angle increased. 

tentatively suggested that the change shear 
properties result heat setting due primarily 
the relaxation residual bending stresses with 
the concomitant reduction the normal reaction act- 
ing the monofils the region where they cross 
over; this results diminution the magnitude 
the frictional forces which oppose the trellising 
the monofils relative one another. 

The fabric sample heat set 180° was notice- 
ably less stiff when assessed subjectively than the 
unset fabric and was concluded that this was as- 
sociated primarily with the reduction the initial 
shear modulus and also perhaps with the increase 
the buckling angle. 

use monofil fabric the shear properties may 
changed without any significant change other 
properties, particularly flexural rigidity. This not 
usually true for fabrics woven from multifilament 
staple fiber yarns. However, there need 
elucidate the effect shear properties relation 
fabric hand for such fabrics. Indeed the author 
would suggest that any investigation fabric hand 
which measurement the shear properties was 
neglected would incomplete. 
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Stabilization Wool Fabric Interfacial Polymerization 


Western Regional Research Laboratory 
Albany 10, California 
October 12, 1960 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

new technique has been found for making wool 
fabrics shrink resistant. Polyamides such 
(hexamethylene are formed the sur- 
face the textile fibers interfacial polymerization 
when the fabric padded consecutively 
through aqueous solution diamine and 
water-immiscible solution diacid dichloride. The 
interfacial polymerization extremely rapid and 
heating curing required. Following the two- 
step padding, the fabric simply washed and dried. 
Less than polymer the fabric required for 
fabrics are essentially unchanged hand, flexural 
rigidity, break strength, percent elongation, and 
chemical resistance; they are improved wrinkle- 
recovery and smoothness after tumble drying. Typi- 


laboratory the Western Utilization Research and 
Development Division, Agricultural 
United States Department Agriculture. 


TABLE Dimensional Stabilization Worsted 
Flannel Interfacial Formation Poly- 
(Hexamethylene Sebacamide) 


Resin Area Fabric 
shrinkage, Flexural Wrinkle break Elonga- 
fabric, accelerotor rigidity, recovery, strength, 
mg.-cm. deg. lb. 
None 52.0 143 146 36.4 33.4 
(control) 
1.9 5.9 150 33.1 30.8 
3.2 3.0 133 152 35.1 31.5 
4.7 1.0 160 149 38.0 32.0 


cal results with poly-(hexamethylene 
and worsted flannel are given Table 

The polymer was formed using aqueous 
solution hexamethylene diamine and solution 
sebacoyl chloride carbon tetrachloride, with 
immersion times sec. each solution. 

Complete technical details will presented 
forthcoming paper covering the general scope 
interfacial polymerization for treating wool fabrics 
with polyamides, the effects several reaction vari- 
ables the treatment, and various chemical and 
physical properties the treated wool. 
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Non-Lint Content Measurement the One-Pass 


Shirley Analyzer Procedure 


Cotton Ginning Research Laboratory 
Agricultural Research Service 

Stoneville, Mississippi 

September 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

1955 investigation was made the Stone- 
ville Laboratory effort increase the Shirley 
Analyzer output, the number samples tested per 
day. One pass instead two passes through the 
machine appeared the most promising change 
the procedure. This change decreased testing time 
about 40%. 
the modified test, foreign matter non-lint content 
percentages were determined visible, invisible, and 
total wastes for both one and two passes through 
the Shirley Analyzer. From these data, curves were 
drawn which indicated the composition the sample 
based one and two passes through the Shirley 


order compare the accuracy 


Analyzer. 
Procedure 


order evaluate carefully the one- and two- 
pass test results the Shirley Analyzer, several 
procedures were employed. All tests were made 
75° and 60% RH. 

During 1955 the modified Shirley Analyzer operat- 
ing procedure was developed the Stoneville Cotton 
Ginning Research Laboratory. This method 


follows. 


Weigh exactly 100 specimen and spread 
approximately half the 100 lint evenly 
possible over the feed table. When nearly all this 
portion has passed through the machine, spread the 
remaining half evenly over the feed table and feed 
through the machine. Any large mass fibers 
pulled apart order make the batt even. 

Set the exhaust valve obtain the minimum 
amount lint falling into the waste (foreign 
compartment and minimum amount non-lint 
(waste) collecting with the lint the condenser 


cage. 


After the test specimen has passed through the 
machine, collect the lint from the trash pan. Shake 
lightly remove the adhering trash 
through the machine. 

Remove clean lint from lint compartment and 
spread about half evenly over the feed table, using 
care and placing the fibers the feed table right 
angles the position which they are collected 
the lint compartment. When nearly all the first 
half has fed through the machine, feed the remain- 
ing portion. 

Repeat Step 

Weigh the cleaned lint the nearest 0.01 g., 
then weigh the waste from the non-lint compartment 
the nearest 0.01 and record. 

Calculate total waste subtracting the clean lint 
weight from 100.00, then subtract the visible waste 
from the total waste obtain invisible waste. 


This procedure gave 
samples tested 1955 than the method formerly 
used. 
there was significant reduction total waste. This 


less invisible waste 


result the decrease invisible waste 


series studies showed significant amount fiber 
breakage the Shirley Analyzer process. Undried 
lint cotton lots tested before and after two passes 
through the Shirley Analyzer showed short fiber 
content (fibers in. and less) 14.8% before and 


27.8% after two passes through the machine. This 
27.8% does not include the additional short fiber 


the invisible waste. Since large part the mate- 
rial collected the transition container (listed 
invisible lint fiber, was thought desirable 
use the procedure which gave the lower invisible 
waste percent. 

The ASTM Shirley Analyzer procedure for non- 
lint content lint cotton (ASTM Standards 
Textile Materials, October, 1959) was used and 
compared the single pass method. the ASTM 
procedure the test specimen divided into three 
parts instead the two parts used the improved 
Stoneville method. This increases the amount 
time required for test, and increase the accu- 
racy test results was found (Table I). These 
results show that batt thinner than lint 
spread evenly over the feed table not necessary 
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22-29 3.0-39 40-49 50-59 60-69 70-79 60-89 9.0-9.9 
WON-LINT CONTENT GROUP, PERCENT 


Fig. Comparison visible, invisible, and total waste 
differences for one and two passes through the Shirley 
Analyzer. 
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for accurate test results one pass through the 
machine. 

basis the test results from the different 
procedures comparison was made the visible, in- 
visible, and total waste percentages for one and two 
passes through the Shirley Analyzer. 


Test Results 


total 414 samples was tested using the 1955 
Stoneville test procedure. The results are shown 
Table and Figure order get the aver- 
age values shown Table the differences the 
waste percentages were calculated each the 414 
samples, tabulated according the two-pass total 
waste percent, and averaged. noted that the 
amount total waste increases the original sample 


TABLE Comparison Test Results Using Two Methods Preparing the Lap Fed into the Shirley Analyzer 
Lint Cotton Samples 


Stoneville* ASTMt 
Visible Invisible Total Visible Invisible Total 
Samples waste waste waste waste waste waste 
2.76 2.91 2.97 3.16 
2.73 3.20 2.75 3.17 
2.48 2.96 2.42 2.83 
1.77 2.22 1.58 2.07 
2.17 .60 2.77 2.29 2.78 
2.90 3.42 2.80 3.39 
3.30 3.93 3.20 3.80 
3.67 4.44 4.14 5.07 
2.18 3.08 1.88 2.83 
2.17 1.09 3.26 2.32 1.08 3.40 
2.10 1.21 3.31 1.82 1.13 2.95 
2.03 2.30 1.68 2.09 
2.39 3.08 3.22 3.82 
2.23 2.88 2.00 2.73 
1.67 2.18 1.75 2.37 
2.34 2.93 2.35 3.00 
2.32 3.13 2.67 3.40 
1.94 2.63 1.86 2.53 
2.39 3.26 2.50 3.24 
4.85 5.09 4.20 4.61 
2.60 3.20 2.17 2.91 
2.69 3.41 2.65 3.12 
2.93 3.23 3.00 3.40 
4.05 4.90 3.85 .66 4.51 
3.73 4.56 3.50 1.41 4.91 
6.00 6.37 5.70 6.43 
5.03 5.41 4.50 .69 5.19 
4.73 5.54 5.05 1.05 6.10 
3.06 4.00 2.96 1.13 4.09 
7.19 1.09 8.28 6.90 7.83 
Total 92.40 19.48 111.88 90.68 21.05 111.73 
Average 3.08 3.73 3.02 3.72 


. . . 
Test specimen 100 divided into halves and each half spread evenly over feed table. 
Test specimen 100 divided into thirds and each third spread evenly over feed table. 
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TABLE II. Difference Waste Percentages 414 Lint Samples Passed Once and Twice 
Through the Shirley Analyzer 


Total waste group, percent 


Average 5.0-5.9 6.0-6.9 7.0-7.9 9.0-9.9 
Difference total waste 1.05 1.05 1.20 1.18 

for second pass 

for second pass 
Total waste (one pass) 2.65 3.57 4.44 5.35 6.37 7.20 8.20 
2.62 3.45 4.45 7.42 8.40 9.38 


Total waste (two passes) 


TABLE III. Percentages Calculated Invisible Waste 
(Total Waste Minus Visible Waste) Collected Transition 
Container (Wire Basket) for Average Sample Groups 
Tested Shirley Analyzer. 


Material 
collected 
transition 
container 
per sample, 


Calculated 
invisible 
waste per 

sample, 


Percent 
Sample source collected 


Stoneville gin test 1.96 1.33 67.9 
Stoneville gin test 1.81 42.5 
Stoneville gin test 1.08 75.0 
Stoneville gin test 1.60 51.2 
Stoneville gin test 1.32 60.6 
Stoneville gin test 1.20 55.8 
Stoneville gin test 73.8 
and cotton breeder 
Cotton breeder 86.2 
Cotton breeder and 1.85 1.02 55.1 
commercial gin 
Commercial gin 2.10 1.12 53.3 


Average Increase Shirley Analyzer Clean Lint 
Weight After Overnight Conditioning 


Average increase 
Average increase 


Number cleaned lint 
samples Sample source weight, 
Stoneville gin test 
Stoneville gin test 
Stoneville gin test 
Stoneville gin test 
Stoneville gin test 

Average 


all samples 


there corresponding increase the difference 
for one and two passes. The increase invisible 
waste much greater than that visible waste; 


fact, about two three times great. Since 


5.42 6.40 


the material (mostly fiber) the invisible waste 
for the first pass ranged from 42.5 86.2% (Table 
evident that more fiber than additional 
foreign matter removed. This being true, the 
value the total waste foreign matter percent 
for two passes not accurate the one obtained 
for one pass through Shirley Analyzer. 

Another factor which increases the amount in- 
visible waste and contributes inaccuracy the 
evaporation moisture from lint passes through 
the machine, few fibers time, air current 
reduced air pressure. Table the amount 
clean lint weight increase due moisture regain 
after passing through the machine shown. These 
weight increases were obtained weighing the clean 
lint given the procedure and holding the lint 
the conditioned laboratory overnight, after which 
The difference the 
two weighings the increase shown Table IV. 


second weighing was made. 


Weights obtained after conditioning for and hr. 
was found that 
hr. conditioning, least overnight, was 
The 
inconvenience and time and motion requirements 
for overnight conditioning the clean lint from the 
found 
our laboratory that accuracy the total percentage 
foreign matter sample can further im- 
proved adding correction factor 0.36 
the clean lint weight and then subtracting the sum 
from the original weight the sample fed into the 


did not show consistent results. 


necessary get weight gain all samples. 


samples tested would prohibitive. 


machine find the total waste given the 
procedure. 


Summary 
One pass (1955 Stoneville procedure with Steps 


and omitted) can used making non-lint 
content determinations with the Shirley Analyzer. 


5 


When compared the two-pass method there 
saving 40% test time. Since there greater 
increase invisible waste the second pass through 
the machine than visible foreign matter, was 
shown that the total waste for one pass gives the 
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Textile Development Department 
British Nylon Spinners Ltd. 
Pontypool, Mon. 

England 

August 24, 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

method for assessment wrinkling shirts 
and shirting fabrics after washing and drying was 
recently described [2]. This method employs six 
graded standards consisting blocks polyester 
resin whose surfaces are replicas wrinkled fabrics. 
The higher the grading, the greater the wrinkling. 
Fabrics rated and were classified not 
requiring ironing; fabrics rated and were 
classified requiring ironing. The levels ac- 
ceptance may, course, different for fabrics in- 
tended for uses other than shirts. 

Subsequent this work have examined dress 
fabrics. Four observers rated dress fabrics after 
The 
ratings were made using the same graded standards 
for shirts under the conditions illumination 
Method After rating fabric, each observer 
was asked whether his opinion thorough ironing 
was required, light ironing was required, iron- 
ing was required. 

Each time observer classified specimen was 
allocated one point. The points were then summed 
give total score (Table 

Thus, fabrics rated can classified not 
requiring ironing, fabrics rated requiring light 
ironing, fabrics rated requiring thorough 
ironing. 

Recently have obtained set five graded 
standards manufactured Monsanto Ltd., USA. 
These standards are commercially available and are 


four different washing and drying procedures. 


Comparison Standards for Assessing Wrinkling Fabrics 
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more accurate value. 


Additional accuracy 
obtained adding 0.36 the clean lint weight 
correct for weight loss due weighing the clean 
lint immediately after passing through the machine. 
SHEPHERD 


widely used the USA. Their method prepara- 
tion has been described Williams 
these standards, the lower the grading, the greater 
the wrinkling. 

was thought worth while compare results 
using the two sets standards for assessing wrin- 
kling after washing and drying. 

Fifty fabric specimens ft. were obtained, 
washed hand, and drip-dried. These specimens 
were made from various fibers various construc- 
tions and were randomly numbered. They were 
presented order number four observers, each 
using both sets graded standards. The standards 
and the wrinkled fabric specimens were placed ad- 
jacent each other and were illuminated using 
Method [2]. Both sets standards were used 
maximum degrees wrinkling allowable. Thus, 
for the method employing the six graded standards 
recently described [2], fabric specimen was more 
wrinkled than standard but less than standard 
was given rating The observers were asked 
rate any fabric specimen which they considered more 
wrinkled than standard “greater than How- 
ever, the highest rating given any specimen was 
For the Monsanto method employing five graded 
standards, fabric specimen was more wrinkled 
than standard but less than standard was 
given rating observers were asked 


TABLE Need for Ironing 


Score 
Need for Thorough 

ironing ironing ironing ironing Total 

rating required required required score 


a 


Fig. Correlation Monsanto standards (horizontal 
scale) and those described Sudnik (vertical scale). 


rate any fabric which they considered less 
wrinkled than standard 

The means the ratings obtained the four 
observers are plotted Figure and the middle line 

From this relationship, the Monsanto standards 
equivalent the standards recently developed and 
described have been estimated and are follows 


Equivalent 
Monsanto standards 


Scale Standards 
described [2] 


wh 


= 


The least wrinkled Monsanto standard supplied 

The Monsanto standards were apparently not 
critical those referred [2]. The difference 
wrinkling between consecutive standards Scale 
was greater than the difference between consecutive 
Monsanto standards (Scale B). Fabrics rated 
Seale (standard being the most wrinkled) 
would rated the Monsanto scale; none 
the fabrics considered were rated the Mon- 
santo scale (Monsanto standard being the most 
wrinkled). Seven fabrics were considered 
least one observer less wrinkled than 
standard which was the least wrinkled standard. 

will noted that, for the purpose this com- 


Monsanto 


parison, means ratings were calculated the near- 
est 0.1. 
off whole number. 

Normally the Monsanto standards are used low 


For routine work, ratings would rounded 


angle illumination. One would expect that these 
standards were compared with those given under 
this type illumination, the comparison altered 
would tend show the Monsanto standards less 
critical again. 
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The Relationship Between Dye Absorption and 
Cotton Fiber Properties 


Patronato “Juan Cierva” 
Textil 

Barcelona, Spain 

July 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

Pal and Esteve [4], the authors after studying 
the relation between dye absorption and cotton fiber 
properties (mainly Micronaire value and 
concluded that relationship should exist between 
dye absorption equilibrium and Micronaire and 
maturity cotton fiber, linear relationship being 
found the authors when maturity considered. 
This conflict with the results other research 
workers, such Furvik [3]. 

have carried out some work about the in- 
fluence maturity the kinetics dyeing with 
direct dyes; think the results obtained, which 
were published before the paper Pal and Esteve 
2], enable make different interpretation 
Pal and Esteve’s results. 

Dyeing was carried out the above authors with 
liquor ratio 1:50, dye, g./l. NaCl for 
hr. the boiling temperature with refluxing con- 
denser; think, according the results ob- 


Note: Dr. Ramon Esteve, Jr. informs that 
the data the paper him and Pal reflected rate 
information rather than equilibrium situation. 


tained for the same dyes, that the time dyeing 
not all enough arrive equilibrium for the 
Chlorantine Fast Green and possibly the 
case the same for the Diphenyl Fast Red 
the results are commenting upon are rather 
more connection with kinetics dyeing than with 
dyeing equilibrium. 

Our dyeings were made under different conditions, 
using several ratios con- 
centrations NaCl, temperatures, and times dye- 
ing; two samples cotton different maturity 
were dyed the same bath and the dye adsorbed 
for each sample, after fixed time, was determined. 
The more interesting conclusions are given below. 

Less mature fibers fix dye more quickly; the dif- 
ference dye concentration between both cottons 
first increases with the time dyeing, arrives 
maximum, and then decreases. Both the differential 
adsorption the dye and the tendency concentra- 
tions level themselves fibers different ma- 
turity are influenced fiber: liquor ratio, concen- 
tration NaCl, and temperature, the differential 
adsorption being higher when the dyeing faster 
and more less persisting according migration 
properties the dye. Some the results obtained 
with the two dyes cited before and the indicated 
conditions are given Table (A) being the less 
mature cotton 3.0, maturity and 
(B) the more mature (Micronaire 5.4, maturity 
78% 

Considering now the whole fiber, B)/2, the 


TABLE 


fiber: liquor 


fixed dye 


min. 2 

0.292 0.215 0.077 0.253 

0.348 0.258 0.090 0.303 

0.434 0.321 0.113 0.377 

0.517 0.394 0.123 0.455 

0.591 0.450 0.141 0.520 

0.677 0.563 0.114 0.620 

80 0.773 0.646 0.127 0.709 

160 0.763 0.660 0.103 0.711 


Red, dye, 95° C., NaCl, 
liquor 


fixed dye 


A-B A+B 
0.566 0.503 0.063 0.534 
0.622 0.568 0.054 0.595 
0.630 0.608 0.022 0.619 
0.627 0.627 0.000 0.627 
0.627 0.625 0.002 0.626 
0.618 


0.002 0.619 


i 


1961 


equilibrium obtained about min. for the green 
dye and about min. for the red one; notwith- 
standing, there not true equilibrium for the 
green dye because some the dye desorbed from 
the less mature cotton and fixed the more mature 
fibers. Pal and dyeings the slightly 
higher temperature and the lower fiber: liquor ratio 
will increase some degree the rate dyeing, but 
the concentration NaCl times less) and 
the concentration dye times more) will con- 
siderably decrease the relative rate dyeing, 
that think that hr. the boil not enough 
attain equilibrium. this supposition right, 
should necessary analyze the results after 
considering the influence the specific surface 
the fiber (which related both maturity and 
thickness the fiber) the kinetics the process, 
and their experimental results could explained 
follows. 

The thinner less mature the fiber 
value smaller) the greater the specific surface, that 
the adsorption dye faster and more dye fixed 
the same time (before equilibrium reached). 

The difference between the figures for the cotton 


The figure Table 43.20, but from the graphics 
can seen that the correct value must 34.20. 


lowest and highest Micronaire (Samples VIII and 
greater for the Chlorantine Fast Green 
21.50) than for Fast Red 
(which agreement with our results) because the 
red dye diffuses itself quicker than the green one, 
and the dyeing nearer the equilibrium. 

The anomalous behavior observed for Sample 
(Pima) may related the fact that specific sur- 
face function both maturity and perimeter 
the cotton fiber, and the low Micronaire 
gether with relatively high maturity seems show 
that Pima cotton fiber thinner than the others, 
that its specific surface reaches value that cotton 
standard perimeter can attain only with lower 
maturity and consequently lower Micronaire. 

should very interesting carry out some 
new experiments using less dye (1%, for instance) 
and boiling for longer period hr., for instance 
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JOURNAL announces the appointment Dorothy Dana Hollmann 


Production Editor the JouRNAL effective with this issue. 
former Production Editor, resigned December 31, 1960, married. 


Miss Candida Frenking, 
extend 


her our appreciation for the faithful service given the JouRNAL, and wish her every 
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Supercontraction and Solubility Alkali Treated Wool 


The University New South Wales 
School Wool Technology 


Box Post Office, Kensington, N.S.W. 
Australia 
July 18, 1960 
the Editor 
TEXTILE RESEARCH JOURNAL 
Dear Sir: 
Treatment wool with dilute alkali (for example, 
0.05 50° for hr.) produces sig- ROOT UNTREATED 
nificant alterations the fine structure resulting TIP TREATED 
decreased solubility urea bisulfite [1, 
have noted similar effects with regard supercon- 
traction and peracetic-ammonia solubilities [3]. 
For supercontraction studies, root and tip portions 
the same fiber were compared, they gave similar TIME (hours) 


levels contraction both peracetic acid 
sulfite. acidic sodium iodide the tip contracted peracetic acid 
significantly greater rate than the root. The 
effect mild alkaline treatment 

Cystine determinations revealed differences be- 


tween treated and untreated samples nor rate 


o—o TIP TREATED 
ROOT UNTREATED 


TIME Fig. Kinetic contraction curves the root and tip 


metabisulfite. concentrations Nal. 


> 
3. 


UNTREATED 
TREATED 


SOLUBILITY 


TIME OXIDATION “Ay PERACETIC ACID 


extent oxidation with peracetic acid. The solu- 
bility oxidized alkali-treated wools ammonia 
was greatly reduced (Figure 4). 

These observations can explained terms 
structural alterations involving lanthionine formation 


hydrogen bond formation but not disulfide ex- 


change. lanthionine formation proceeded 
generally accepted reaction [4], then does not 
seem likely that supercontraction acid salt solutions 
would greatly altered, the process merely in- 
volves replacement one set resistant linkages 
another. According Zahn’s new proposal for 
lanthionine formation, two different carbon atoms 
are linked together and change the stability 
the structure toward hydrogen bond breaking re- 
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The Attachment Active Hydrogen Compounds Cellulose 
with Divinyl Sulfone 


Southern Regional Research Laboratory 
New Orleans 19, Louisiana 


October 13, 1960 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 

sulfone reacts readily with cotton and 
rayon, both vinyl groups the sulfone molecule add- 
ing form cross-linked cellulose ethers [7, 8]. 


The attachment only one vinyl group cellulose 
and the other vinyl group active hydrogen com- 
pound has now been demonstrated. amines, 
alcohols, amides, phenols, ketimines, and sulfur com- 
pounds have been bonded cotton through such 
reactions 


+Cell—OH 
(2) 
ROH 


large dye molecules have been 
respective the kind active hydrogen compound 
used, the treated cottons were insoluble 
ethylenediamine, showing that cross-linking occurred 
along with substitution. some cases high wet 
wrinkle resistance and, more rarely, high dry and 
wet wrinkle resistance were obtained. 

the earliest experiments, solution the active 
hydrogen compound and divinyl sulfone water 
mixed solvent was applied fabric. The alkaline 
catalyst could present the treating solution 
could applied subsequently the dried, impreg- 
nated cloth. The fabric was then oven-cured. How- 
ever, free divinyl sulfone toxic and highly lach- 
rymatory, and advantageous use preformed 
adducts the sulfone with active hydrogen com- 


the laboratories the Southern Utilization Re- 
search and Development Division, Agricultural Research 
Service, Department Agriculture. 


pounds. With secondary alkylamines, the 1:1 ad- 
ducts readily form room temperature 


(4) 


Repeated extraction the aqueous solution with 
benzene removes traces unreacted divinyl sulfone, 
but does not remove the highly polar adduct. The 
aqueous phase separates stable and odorless 
solution. The catalyst added and the solution 
applied, giving this case the same type product 
Equation again, both cross-linking 
and substitution occur curing. evident that 
the adduct dissociates considerably C., 
generating divinyl sulfone 

Primary alkylamines were not readily attached 
cotton, apparently because they 
cyclic derivatives [1] with divinyl sulfone. Adducts 
secondary alkylamines are highly reactive, while 
primary and secondary arylamines require more vig- 
orous conditions. Among the hydroxy compounds 
which have been bonded cotton are glycerol, sor- 
bitol, pentaerythritol, and starch. Even formalde- 
hyde, which aqueous solution exists mainly 
methylene glycol, seems attached. 

These findings are illustrated the following 
procedures, which were carried out de- 
sized, scoured, and bleached print cloth, except where 
otherwise specified. 


Dimethylamine 


ml. divinyl sulfone (0.10 mole) and 
ml. water was added with stirring ml. 25% 
aqueous dimethylamine (0.11 mole) with cooling 
keep the temperature below 45° The resulting 
solution was extracted with three 20-ml. portions 
benzene. the separated aqueous phase containing 
the adduct ml.) was added 
1.0 sodium carbonate monohydrate or, alterna- 
tively, ml. 30% sodium hydroxide. The solution 
was applied one dip, one nip slack-mercerized 
print cloth wet pickup 110-120%. The cloth 
was oven-cured for min. 135° when using 
sodium carbonate catalyst 115° when using 
sodium hydroxide. washed, dried, 
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equilibrated cloth showed weight gain 7.7-8.6% 
over the original mercerized fabric. The wet crease 
recovery angle warp value) was 293° (mer- 
cerized control, The breaking strength loss 
(warp) was 41%. Analyses indicated much 
2.0% sulfur and 0.40% nitrogen. The fabric had 
strong affinity for wool dyes. 


Piperazine 


The adduct divinyl sulfone with this amine 
believed have the structure 


CHr—CH: 


CHe=CHSO:2C 


‘CHe—CH: 


was prepared from ml. (0.10 mole) divinyl 
sulfone ml. water adding (0.058 mole) 
piperazine ml. water, the addition, extrac- 
tion, and sodium carbonate-catalyzed application 
urmercerized fabric being carried out the pre- 
ceding experiment. The weight gain was 6.7%. 
The strength was first rather low but was greatly 
improved subsequent treatment with 20% sodium 
hydroxide for min. 
gain 7.4%, probably due increased moisture 


This increased the weight 


The final breaking strength was the same 
for mercerized untreated fabric. The cloth con- 
tained 1.28% sulfur and 0.63% nitrogen; showed 
strong affinity for wool dyes. 


regain. 


Basic Fuchsin 


the amine dye (0.10 g.) dissolved ml. 
methanol was added 0.50 ml. divinyl sulfone 
ml. water. The solution was filtered and 
applied two dips and two nips print cloth. This 
was then oven-dried C., lower tempera- 
tures giving less satisfactory dyeings. The fabric 
was next treated with 25-30% sodium hydroxide for 
min, room temperature effect reaction. The 
cloth was washed and unreacted dye was extracted 
with boiling glacial acetic acid. The fabric remained 
intense purple 3/10 the Munsell color scale 
[4], 41-L-11 the Maerz and Paul scale [3]). 
The breaking strength was the same for the mer- 
cerized control. Concentrated mineral acids such 
hydrochloric phosphoric acids did not remove 
the dye. Likewise, such bases concentrated am- 
monia and 20% sodium hydroxide had observ- 


Measured the Monsanto test the method Law- 
rence and Phillips [2]. 


able effect room temperature. However, consid- 
erable fading occurred after hr. 100° 0.5% 
sodium carbonate. Temperature evi- 
dently critical factor the stability alkaline 
reagents. 

When applying 0.5-0.8% solutions Acridine 
Red Auramine the above procedure, methanol 
was not needed solubilizing agent. The Acridine 
Red attached fabric gave yellow fluorescence 
under ultraviolet light just the dye does 
solution. 


Orange 


0.33% aqueous solution this phenolic dye con- 
taining 10% volume divinyl sulfone and 1.7% 
sodium carbonate was applied print cloth 
cured 135° for min. The washed and dried 
fabric was bright orange color, but had lost con- 
siderably tearing strength. was not faded 
brief contact with concentrated ammonia 20% 
sodium hydroxide room temperature. 


Glycerol 


Olive-drab was treated with 
aqueous solution containing 13% volume divinyl 


sulfone, 10% volume pyridine, 1.7% sodium 


sateen 


carbonate, and varying concentrations glycerol. 
The fabric was cured 135° for min., after 
which was washed, oven-dried, 
brated. The weight gains were 10, 16, 19, 16, 
and glycerol/sulfone mole ratios 0.25, 
0.50, 1.35, 2.0, and high concentrations 
glycerol, the sulfone reacted preferentially with 
rather than undergoing attachment the cellulose. 
Use sorbitol place glycerol sorbitol/sul- 
fone mole ratio 0.5 gave weight gain 23% 


Simultaneous Attachment Fuchsin and Starch 


One volume 1.0% basic fuchsin methanol 
was added two volumes 2.5% 
The fabric treated with this two dips, 
two nips was dried 135° for min. was 
then treated with aqueous solution 6.5% starch 
and 6.5% divinyl sulfone (two dips, two nips) and 
was dried 60° for min. Finally, was 
treated with 25% sodium hydroxide (two dips, two 
nips) and cured 60° for min. The washed, 
oven-dried, and air-equilibrated cloth showed 
weight gain 15%, was deeply dyed when 


aqueous divinyl 
sulfone. 


Ata 
ia 


fuchsin was used alone, and had permanent 
starched Its wet crease recovery (295° warp 
fill) was 95° greater than for the mercerized con- 
trol, while its warp breaking strength was less. 


amine 

(0.1 mole) 71% ethylamine was 
added 2-ml. portions 7.4 (0.1 mole) glycidol, 
with cooling keep the temperature below 50° 
The mixture was allowed stand until heat evolu- 
tion ceased after min. longer, ml. water was 
added. The solution was added ml. (0.1 mole) 
divinyl sulfone ml. water and the mixture 
was heated 50° for min. Extraction with 
benzene the usual way gave ml. aqueous 
phase, which was added 1.0 sodium carbonate 
monohydrate. The solution was applied unmer- 
cerized print cloth the same way was dimethyl- 
sulfone adduct. 

The finished fabric showed weight gain 24% 
even after extraction with boiling glacial acetic acid. 
contained 2.5% sulfur and 0.70% nitrogen. 
wet and dry crease recovery angles were 316° and 
266° warp) compared 160° and 165 
for untreated cloth. The warp breaking strength 
was 73% that for untreated fabric. The cloth 
had strong affinity for wool dyes. 

Urea 

Where excess divinyl compound over and 
above the active hydrogen compound required, 
dyeing, the irritating and toxic vapors divinyl 
sulfone pose problem. This can avoided 
using the 2:1 adduct divinyl sulfone with urea 
the divinyl compound. The adduct, first made 
Schappel [6], apparently has the structure 


The adduct with piperazine mentioned above also 
may used. several cases, the urea derivative 
divinyl sulfone was more efficient than 
sulfone attaching amine dyes cotton the pres- 
euce sodium carbonate bicarbonate. 

The urea adduct was prepared adding 
(0.1 mole) divinyl sulfone with stirring solution 
(0.05 mole) urea, 1.2 ml. sodium 
hydroxide, and ml. water, while keeping the 
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temperature for min. Higher tem- 
peratures led polymer formation. The mixture 
was allowed stand room temperature for hr, 
causing the two phases merge. The solution was 
diluted with ml. water and extracted with three 
20-ml. portions benzene. The use too 
agitation caused emulsification. The aqueous phase 
(75 ml.) was odorless and stable for number 
weeks. 

one volume this solution diluted with three 
volumes water were added weight 
Acridine Red and sodium carbonate mono- 
hydrate. The solution was applied.in one dip, one 
nip give wet pickup 95%. The fabric was 
cured 135° for min., washed, 
with boiling acetic acid. remained deep fuchsia 
(49-C-11 the Maerz and Paul scale 
dium bicarbonate was preferable catalyst with 
dyes which were precipitated sodium carbonate. 
Auramine (1.0%) gave bright yellow (17-J-1) 
when used with sodium bicarbonate. 

The adduct has also been applied 
the usual way fabric with sodium carbonate 
the absence added active hydrogen compounds. 
fabric containing 1.18% sulfur and 
gen resulted. The properties these and other 
modified cottons will described greater detail 
future papers. 
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